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ADENOVIRUS VECTORS ENCODING 
BRAIN NATRIURETIC PEPTIDE 

5 

Barfc-arnnnrt pf thf Tmrnfinn 

Although major improvements in the treatment of cardiovascular disease 
have been achieved, many important limitations to current therapy exist. For 
example, heart failure remains a rapidly growing problem in the United States 

10 and the western world, resulting in over 400,000 hospitalizations annually in the 
U.S. (Schocken et al. 5 1992). The focus on early left ventncular dysfunction is 
underscored by recent epidemiological evidence that at least 3% of the adult 
population above the age of 45 may have ventricular systolic dysfunction and 
52% may be asymptomatic (McDonagh, 1997). The focus on early heart failure 

15 is also in response to the increasing emphasis of drug intervention in early left 
ventricular dysfunction. Such an emphasis is the result of clinical trials which 
have demonstrated improved mortality and morbidity with early treatment, 
although improvements have been modest (SOLVD investigators, 1991; Pfeffer 
et al., 1998). 

20 The heart is an endocrine gland which plays a fundamental physiological 

role in the control of sodium homeostasis and arterial pressure via renal, 
myocardial, vascular and endocrine actions (DeBold ei al., 1981; Stingo" et al., 
1992; Mattingly et al., 1994). Specifically, the heart serves as sensor of 
intravascular volume in which the cardiac atria senses increases in cardiac filhns 
25 pressures and releases atrial natriuretic peptide (ANP) (Burnett et al., 1984). If ~ 
cardiac volume or pressure overload is sustained, the atria and ventricles release 
brain natriuretic peptide (BMP). These two peptides function as circulating 
hormones to increase sodium excretion, promote vasodilatation and inhibit 
activation of the renin and endothelia systems (Koller et al., 1991; Stingo et al., 
30 1998). These biological actions occur via the increase in the second messenger 
cGMP after peptide binding to a particulate guanylyl cyclase receptor (NPR-A 
receptor) (Fraenkel et al., 1994). 

While ANP and BMP function in a redundant fashion, BNP has unique 
biological actions which include more potent natriuretic and lusitropic actions, 
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more rapid gene expression, more potent inhibition of angiotensin II mediated 
ET gene activation, and a greater resistance to degradation by the ectoenzyme 

_.. n l Utr *\ end °P e P tidase (NEP). ^ well as its superiority as a plasma marker for 
altered ventricular faction and strucW(Amto^ 

5 1997; Bonow, 1996; Davidson et al., 1996). Other natriuretic peptides (NPs) 
include C-type natriuretic peptide (CNP), which is of endothelial cell origin, and 
D-type natriuretic peptide (DNP), which is of snake-origin (Schirger et al., 
1999). 

Natriuretic peptide particulate guanyl cyclase receptors are present in 
1 0 glomeruli and inner medullary, collecting duct cells, as well as in vascular 
endothelial and smooth muscle cells and in cardiac myocytes and fibroblasts 
(Lopez et al., 1995; John et al., 1995; Steinhelper et al, 1990; Field et al., 1991). 
The use of antagonists to the natriuretic peptide particulate guanylyl cyclase 
receptors, as well as transgenic and gene knock-out studies, have supported a 
1 5 physiological role of the natriuretic peptide system (NPS) in cardiorenal 
regulation. Inhibition of the biologically active natriuretic peptide receptors 
(NPRs) in normal animals utilizing the receptor antagonist HS- 142-1 have 
demonstrated reductions in sodium excretion, activation of renin release, 
impaired response to acute volume expansion, attenuation in the renal 

20 phenomenon of "DOCA escape," reductions in coronary blood flow and an 

impairment in myocardial relaxation (Burnett et al., 1986; Cody et al., 1986: Lee 
et al, 1989; Perrella et al., 1992; Edwards et al., 1988; Mukoyama et al., 1991). 
Genetic disruption of the NPR-A receptor resulted in a renal unresponsiveness to 
ANP, impaired natriuretic response to acute volume expansion and sustained 

25 arterial hypertension (Lopez et al., 1995). Genetic disruption of ANP synthesis 
resulted in salt-sensitive hypertension (Takahashi et al., 1992). Moreover, 
o verexpression models of ANP and BNP resulted in sustained hypotension, 
maintenance of sodium balance despite reductions in renal perfusion pressure 
and decreases in myocardial weight (DeBold et al, 1996; Stevens et al., 1996). 

30 These pharmacological and genetic manipulations of the endogenous NPS 
unequivocally support an important physiological role for the NPS in the 
humoral integration of the heart, kidney and vasculature in the control of sodium 
balance and arterial pressure. 
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Selective neurohumoral activation is a hallmark of early asvmptomatic 
left ventncular dysfunction (ALVD). ALVD progresses to congestive heart 
failure (CHF). ANP and BNP are released from the atria and ventricles in 
response to atrial and ventricular stretch and serve to maintain a state of 
5 compensate despite myocardial dysfunction. The physiolodcal mechanism of 
tins compensation is activation of the NPR-A by ANP and BNP, resulting in the 
generanon of the second messenger cGMP. NPR-A activation results in diverse 
biological responses in multiple organs, e.g., natriuresis, rerun and aldosterone 
mhtbttion, and vasodilatation and lusitropic actions upon the cardiac myocyte. 

Overt CHF is a state of avid sodium retention, enhanced vasoconstrictor 
and sodium-retaining activity and renal hyporesponsiveness to exogenous ANP 
Nonetheless, acute natriuretic peptide receptor antagonism with HS-142-1 
augments the magnitude of retention of sodium supporting a continuing 
natriuretic action of the endogenous NPS in overt CHF. Moreover, in amodel of 
b acute heart failure and in experimental ALVD employing active HS-142-1, 
decreased plasma and urinary cGMP, increased plasma renin activity and ' 
reduced sodium excretion to this NPR antagonism were observed (Stevens et al 
1996; Stevens et al., 1995; Stevens et al., 1994). In addition, in experimental 
ALVD in which the endogenous NPS was suppressed by removal of borh atrial 
appendages, premature sodium retention, activation of both renin and 
aldosterone and an impaired natriuretic response to acute volume expanse were 
reported (Stevens et aL, 1995). 

Administration of BNP in animal models and humans with symptomatic 
heart failure has resulted in vasodilatory and natriuretic responses in the absence 
2, of deleterious neurohumoral activation (Marcus et al., 1996; Grantham et al., 
1997). Thus, when taken together, the NPS emerges as a compensatory 
endocrine response to LV dysfunction to preserve a state of sodium balance 
without activation of the renin-angiotensin-aldosterone system and a limitation 
to the increase in cardiac filling pressures produced by impaired myocardial 
,0 funcnon. However, the convenience and cost of systemic peptide deliverv 
preclude BNP's easy long-term use as a therapy for LV dysfunction despite its 
potennal to attenuate the progression of LV dysfunction based upon its unique 
and diverse properties. 
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4 

Thus, what is needed is an improved method to inhibit or prevent 
cardiovascular disease, e.g., ALVD or heart failure. 

Summni-vnffhPTnvpntjftn 
The invention provides a method to prevent or treat cardiovascular 
diseases such as atherosclerosis and its major complications: heart attack, heart 
failure and stroke, restenosis following angioplasty, hypertension, pulmonary 
hypertension and the vascular and cardiac adaptations to heart failure. Thus, the 
invention provides a method comprising administering to a mammal at risk of, or 
having, a cardiovascular disease an amount of a composition comprising a 
nucleic acid molecule, e.g., a DNA molecule which encodes BNP, DNP, or 
chimeras of ANP, CNP, BNP or DNP, effective to inhibit or prevent a 
cardiovascular disease, e.g., congestive heart failure. Both local, e.g., cardiac, 
and systemic, e.g., skeletal muscle, administration is envisioned. Skeletal 
myoblasts may be transduced ex vivo or in vivo. Ex vivo transduced myoblasts 
15 are then introduced to target animals via intramuscular (IM) injection. Direct 
injection of skeletal muscle has several advantages including the ease and safety 
of intramuscular injection and its ability to express transgenes from plasmid 
DNA. Local delivery may be accomplished by the intracoronary administration 
of a delivery vehicle such as recombinant adenovirus which encodes a natriuretic 
peptide, e.g„ via a catheter, or intramyocardial delivery, e.g., during open heart 
surgery. Preferred mammals include, but are not limited to, canines, felines, 
ovines, bovines, swine, equines and primates, e.g., humans. 

Thus, the invention provides a method to inhibit or prevent heart failure 
in a mammal. The method comprises administering to the mammal an effective 
amount of a composition comprising a nucleic acid molecule comprising a 
nucleic acid segment encoding brain natriuretic peptide or a chimera thereof in a 
delivery vehicle. In another embodiment of the invention, the mammal is 
administered an effective amount of a composition comprising a nucleic acid 
molecule comprising a nucleic acid segment encoding D-type natriuretic peptide 
30 or a chimera thereof in a delivery vehicle. 

Preferably, the method inhibits or prevents the progression of ALVD to 
congestive heart failure. It is preferred that the nucleic acid molecule of the 
invention encodes a peptide having an activity similar to or greater than that of 
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nanve BMP, i.e., the peptide is a potent natriuretic, diuretic, vasoactive and/or 
lusuropic hormone. It is also preferred that the therapeutic index of the encoded 
peptide is similar to, or greater than that of, native BNP. The degradation of 
BNP which is expressed in the mammal from the nucleic add molecule of the 
d mvenuon may be inhibited by the administration of inhibitors of neutral 
endopeptidase (NEP), or the clearance of BNP from a mamma] express^ a 
nuclei acid molecule of the invention may be accomplished with inhibitors of 
• the clearance receptor, which may enhance local or circulatine levels of BNP 
The composition of the invention may include, for example, a plasmid 
1 0 comprising the nucleic acid molecule of the invention, or may include 

recombinant varus, e.g., recombinant adeno-associated viruses, adenoviruses or 
lentmruses, which comprises the nucleic acid molecule of the invention e - 
inserted mto an adeno-associated virus vector, an adenovirus vector, or a " 
leniivirus vector. 

15 The invention also provides for expression cassettes encoding a 

natriuretic peptide or a chimera thereof, e.g., encoding portions of BNP and 
DNP. Such cassettes may also include viral sequences, e.g., sequences from an 
aaenovirus, adeno-associated virus or a lentivirus. 

Therefore, viral vectors are also provided by the mvention. A preferred 
20 vector „ an adenovirus vector comprising a nucleic acid molecule comprisine a 
nuclei acid segment encoding D-type natriuretic peptide or a chimera thereof 
operably hnked to transcriptional regulatory elements. Hence, the invention 
further provides a recombinant adenovirus comprising a DNA molecule 
compiling a DNA segment encoding a brain natriuretic peptide or a chunera 
2> thereof. Also provided is a recombinant adenovirus comprising a DNA molecule 
comprising a DNA segment encoding a D-type natriuretic peptide or a chimera 
thereof. 

Also provided is an adeno-associated virus vector comprising a nucleic 
acid molecule comprising a nucleic acid segment encoding brain natriuretic 
30 peptide operably linked to transcriptional regulatory elements, and an adeno- 
associated virus vector comprising a nucleic acid molecule comprising a nucleic 
acid segment encoding D-type natriuretic peptide or a chimera thereof operablv 
linked to transcriptional regulatory elements. Further provided are compositions 
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and kits comprising the nucleic acid molecule(s), vector(s) or virus(es) of the 
invention. 

The invention further provides a method to relax cardiac muscle. The 
method comprises administering to the mammal an effective amount of a 
5 composition comprising a nucleic acid molecule comprising a nucleic acid 
segment encoding brain natriuretic peptide or a chimera thereof in a delivery 
vehicle. In yet another embodiment of the invention, a mammal is administered 
an effective amount of a composition comprising a nucleic acid molecule 
comprising a nucleic acid segment encoding D-type natriuretic peptide or a 
1 0 chimera thereof in a delivery vehicle. 

Further provided is a method to inhibit or prevent vasospasm. The 
method comprises administering to the mammal an effective amount of a 
composition comprising a nucleic acid molecule comprising a nucleic acid 
segment encoding brain natriuretic peptide or a chimera thereof in a delivery 
15 vehicle. In another embodiment, an effective amount of a composition 

comprising a nucleic acid molecule comprising a nucleic acid segment encoding 
D-type natriuretic peptide or a chimera thereof in a delivery vehicle is 
administered to the mammal. 

In yet another embodiment of the invention, a composition comprising a 
20 nucleic acid molecule of the invention is employed in a method to inhibit or 
prevent atherosclerosis or in a method to inhibit or prevent vascular restenosis 
following percutaneous coronary intervention. 

Further provided is a method to increase natriuretic peptide levels in a 
mammal. The method comprises administering to the mammal a composition 
25 comprising a nucleic acid molecule comprising a nucleic acid segment encoding 
a natriuretic peptide, e.g., BNP. Also provided is a method in which the 
mammal is administered an effective amount of a composition comprising a 
nucleic acid molecule comprising a nucleic acid segment encoding D-type 
natriuretic peptide or a chimera thereof in a delivery vehicle. 
30 The invention also provides a method to detect progression of heart 

failure in a mammal subjected to brain natriuretic gene therapy. The method 
comprises monitoring brain natriuretic peptide levels in a mammal subjected to 
the administration of a composition comprising a nucleic acid molecule 
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comprising a nucleic acid segment encoding brain natriuretic peptide In a 
further embodiment of the invention, natriuretic peptide levels are monitored in a 
mammal subjected to the administration of a composition comprising a nucleic 
acid molecule comprising a nucleic acid segment encoding D-type natriuretic 
5 peptide or a chimera thereof. 

Further provided is a method to inhibit or prevent pulmonary 
hypertens,on in mammal, in which the mammal is administered an effective 
amount of a composition comprising a nucleic acid molecule comprising a 
nucleic acid segment encoding natriuretic peptide or a chimera thereof in a 
10 delivery vehicle. 

Brief n^pHptinn n f th* "Fjg ur^ 

Figure 1 . DNA, mRNA and protein structure and processing of human 

BNP. 

Figure 2. Human (SEQ ID NO:9 encoded by SEQ ID NO:l) and canine 
1> (SEQ ID NO:3 encoded by SEQ ID NO:4) BNP. Conserved sequences are 
shaded. 

Figures. Plasmid map of P CMVint-hBNP. This plasmid expresses 
human BNP (hBNP) from cDNA driven by the CMV EE promoter/enhancer and 
the 5' untranslated sequence and first intron from CMV EE with a bovine growth 
20 hormone (BGH) polyadenylation site. 

Figure 4. Expression of hBNP from human embryonic kidnev (293) 
cells. 293 ceils at 50-60% confluence in 150 mm 2 dishes were transfected in 
triplicate with 20 ug of P CMVint-hBNP or pCMVint in combination with 40 ug 
of hpofectamine in Opti-MEM. Twenty-four hours later, the media was 
25 removed and the cells were washed and the media was replaced with 6 mis of 
serum-free DMEM for 48 hours at 37°C. Followmg this incubation, conditioned 
media was removed, spun at 12,000 rpm for 10 minutes to remove cellular 
contaminants and frozen in aliquots at -80°C for later analysis by a specific 
radioimmunoassay for hBNP. * = p < o.0 1 

Figures. Immunoblot analysis of hBNP from 293 cells. Conditioned 
media from the transections with P CMVint-hBNP (lane 1) and pCMVint (lane 
2) were analyzed by immunoblotting. Recombinant mature human BNP 
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(Phoenix Pharmaceuticals, Mountain View, CA) was used as a control (lane 3). 
Molecular weights are indicated on the right. 

Figure 6. Stimulation of cGMP from canine glomerular cells by 
conditioned media from 293 cells transacted with pCMVint or pCMVint-hBNP. 
5 Canine glomerular cells were stimulated with conditioned media from 
transfections with pCMVint or pCMVint-hBNP in the presence of the 
phosphodiesterase inhibitor, IBMX (Sigma, St. Louis, MO). cGMP was 
analyzed by radioimmunoassay. *p < 0.01 . 

Figure 7. Plasmid map of pCMVint-gcBNP. This plasmid expresses 
1 0 canine BNP (cBNP) from genomic DNA driven by the CMV IE 

promoter/enhancer and the 5' untranslated sequence and first intron from CMV 
IE with a bovine growth hormone (BGH) polyadenylation site. 

Figure 8. Expression of cBNP from human embryonic kidney (293) 
cells. 293 cells at 50-60% confluence in 150 mm 2 dishes were transited in 
15 triplicate with 20 ug of pCMVint-gcBNP or pCMVint in combination with 40 
ug of lipofectamine in Opti-MEM. Twenty-four hours later, the media was 
removed and the cells were washed and the media was replaced with 6 mis of 
serum-free DMEM for 48 hours at 37°C. Following this incubation, conditioned 
media was removed, spun at 12,000 rpm for 10 minutes to remove cellular 
20 contaminants and frozen in aliquots at -SO'C for later analysis by a specific 
radioimmunoassay for cBNP. *=p<0.01. 

Figure 9. Plasmid map of pAdCMVint-hBNP. This adenoviral shuttle 
plasmid containing Ad5 sequences (0-1 and 9.2-16.1) expresses human BNP 
(hBNP) from cDNA driven by the CMV EE promoter/enhancer and the 5' 
25 untranslated sequence and first intron from CMV IE with a bovine growth 
hormone (BGH) polyadenylation site. 

Figure 10. Cloning strategy for development of plasmid expressing 
mature form of cBNP. To develop a plasmid that expresses mature cBNP 
directly, long oligonucleotides are synthesized, annealed, and filled in with DNA 
30 polymerase. The product is isolated, purified and cloned into pCMVint using 
native restriction sites. 

Figure 1 1 . Exemplary codons. 

Figure 12. Preferred amino acid substitutions. 
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Figure 13. Comparison of the amino acid sequence and structure of AN? 
(SEQ ID NO:16), BNP (SEQ ID NO:9), CMP (SEQ ID NO:17) and DNP (SEQ 
ID NO: 18). V 

Figure 14. A) Amino acid sequence of human BNP (SEQ ID NO:2). B) 
5 DNA sequence encoding human BNP (SEQ ID NO:l). 

Detailed Description nf thf , | n Ynift nT 1 

DenniTinrts 

As used herein, the terms "isolated and/or purified" refer to in vitro 
preparation, isolation and/or purification of a therapeutic agent of the invention, 
10 so that it is not associated with in vivo substances. Thus, with respect to an 
"isolated nucleic add molecule", which mcludes a polynucleotide of genomic 
cDNA, or synthetic origin or some combination thereof, the "isolated nucleic 
add molecule" (1) is not associated with all or a portion of a polynucleotide in 
which the "isolated nucleic acid molecule" is found in nature, (2) is operably 
15 Imked to a polynucleotide which it is not linked to in nature, or (3) does not 
occur in nature as part of a larger sequence. .An isolated nucleic acid molecule 
means apolymeric form of nucleotides of at least 10 bases in length, either 
ribonucleotides or deoxvnucleoudes or a modified form of either type of 
nucleotide. The term includes single and double stranded forms of DNA The 
20 term "oligonucleotide" referred to herein includes naturally occurring and 
modified nucleotides linked together by naturally occurring, and non-naturallv 
occurring oligonucleotide linkages. Oligonucleotides are a polynucleotide 
subset with 200 bases or fewer in length. Preferably, oligonucleotides are 10 to 
60 bases m length and most preferably 12, 13, 14, 15, 16, 17, IS, 19, or 20 to 40 
25 bases in length. Oligonucleotides are usually single stranded, e.g., forprobes- 
although oligonucleotides may be double stranded, e.g., for use in the 
construction of a variant. Oligonucleotides of the invention can be either sense 
or annsense oligonucleotides. The term "naturallv occurring nucleotides" 
referred to herein includes deoxyribonucleotides and ribonucleotides. The term 
.0 "modified nucleotides" referred to herein includes nucleotides with modified or 
substituted sugar groups and the like. The term "oligonucleotide linkages" 
reterred to herein includes oligonucleotides linkages such as phosphorothioate 
phosphorodithioate, phophoroselenoate, phosphorodiselenoate 
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phosphoroanilothioate, phosphoraniladate, phosphoroamidate, and the like. An 
oligonucleotide can include a label for detection, if desired. 

The term "isolated polypeptide" means a polypeptide encoded by DNA 
or RNA, including synthetic DNA or RNA, or some combination thereof, which 
5 isolated polypeptide (1) is not associated with proteins found in nature, (2) is free 
of other proteins from the same source, e.g., free of human proteins, (3) is 
expressed by a cell from a different species, or (4) does not occur in nature. 

The term "sequence homology" means the proportion of base matches 
between two nucleic acid sequences or the proportion amino acid matches 
10 between two amino acid sequences. When sequence homology is expressed as a 
percentage, e.g., 50%, the percentage denotes the proportion of matches over the 
length of sequence that is compared to some other sequence. Gaps (in either of 
the two sequences) are permitted to maximize matching; gap lengths of 15 bases 
or less are usually used, 6 bases or less are preferred with 2 bases or less more 
1 5 preferred. When using oligonucleotides as probes or treatments, the sequence 
homology between the target nucleic acid and the oligonucleotide sequence is 
generally not less than 1 7 target base matches out of 20 possible oligonucleotide 
base pair matches (85%); preferably not less than 9 matches out of 10 possible 
base pair matches (90%), and more preferably not less than 19 matches out of 20 
20 possible base pair matches (95%). 

The term "selectively hybridize" means to detectably and specifically 
bind. Polynucleotides, oligonucleotides and fragments of the invention 
selectively hybridize to nucleic acid strands under hybridization and wash 
conditions that minimize appreciable amounts of detectable binding to 
25 nonspecific nucleic acids. High stringency conditions can be used to achieve 
selective hybridization conditions as known in the art and discussed herein. 
Generally, the nucleic acid sequence homology between the polynucleotides, 
oligonucleotides, and fragments of the invention and a nucleic acid sequence of 
interest is at least 65%, and more typically with preferably increasing 
30 homologies of at least about 70%, about 90%, about 95%, about 98%, and 
100%. 

Two amino acid sequences are homologous if there is a partial or 
complete identity between their sequences. For example, 85% homology means 


10 


WO 00/71576 

PCT/US0OA4351 

11 

that 85% of the amino adds are identical when the two sequences are aliped for 
maxnmum matching. Gaps (in either of the two sequences bein S matched") are 
allowed m maximizing matching; gap lengths of 5 or less are preferred with > or 
less heme more preferred. Alternatively and preferably, two protein sequences 
a (orpolypept.de sequences derived from them of at least 30 amino acids m 
length) arehomologous, as this term is used herein, if they have an alignment 
score of at more than 5 (in standard deviation units) using the prosram ALIGN 
with the mutation data matrix and a gap penalty of 6 or greater. See Dayhoff M 
0., m Atlas of Protein Sequence and Structure, 1972, volume 5, National 
B 10 med,cal Research Foundation, pp. 101-1 10, and Supplement ■> to this 
volume, pp. 1-10. The two sequences or parts thereof are more preferablv 
homologous if their amino acids are greater than or equal to 50% identical when 
optimally aligned using the ALIGN program. 

The term "corresponds to" is used herein to mean that a polynucleotide 
^ sequence is homologous (i.e., is identical, not strictly evolutionarilv related) to 
all or a portxon of a reference polynucleotide sequence, or that a polypeptide 
sequence is identical to a reference polypeptide sequence. In contradistinction 
the term "complementary to" is used herein to mean that the complementary ' 
sequence is homologous to all or a portion of a reference polynucleotide 
20 sequence. For illustration, the nucleotide sequence 'TATAC" corresponds to a 
reference sequence "TATAC" and is complementary to a reference sequence 
"GTATA". 

The following terms are used to describe the sequence relationships 
between two or more polynucleotides: "reference sequence", "comparison 

25 wmdow", "sequence identity", "percentage of sequence identity" and 

"substantial identity". A "reference sequence" is a defined sequence used as a 
bas 1S for a sequence comparison; a reference sequence mav be a subset of a 
larger sequence, for example, as a segment of a full-leneth cDNA or eene 
sequence given in a sequence listing, or may comprise a comolete cDNA or eene 

30 sequence. Generally, a reference sequence is at least 20 nucleotides in leneth" 
frequently at least 25 nucleotides in length, and often at least 50 nucleotide's in 
length. Smce two polynucleotides may each (1) comprise a sequence^ a 
portton of the complete polynucleotide sequence) that is similar between the two 
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polynucleotides, and (2) may further comprise a sequence that is divergent 
between the two polynucleotides, sequence comparisons between two (or more) 
polynucleotides are typically performed by comparing sequences of the two 
polynucleotides over a "comparison window" to identify and compare local 
5 regions of sequence similarity. 

A "comparison window", as used herein, refers to a conceptual segment 
of at least 20 contiguous nucleotides and wherein the portion of the 
polynucleotide sequence in the comparison window may comprise additions or 
deletions (i.e., gaps) of 20 percent or less as compared to the reference sequence 
10 (which does not comprise additions or deletions) for optimal alignment of the 
two sequences. Optimal alignment of sequences for aligning a comparison 
window may be conducted by the local homology algorithm of Smith and 
Waterman (1 981) Adv , A PP 1 MalL 2: 4S2, by the homology alignment 
algorithm of Needleman and Wunsch (1 970) J. Mo I Bio] 4El 443, by the search 

15 for similarity method of Pearson and Lipman (1988) Prnr Natl a™h <; r j 

S5.: 2444, by computerized implementations of these algorithms (GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package 
Release 7.0, Genetics Computer Group, 575 Science Dr., Madison, Wis.), or by 
inspection, and the best alignment (i.e., resulting in the highest percentage of 

20 homology over the comparison window) generated by the various methods is 
selected. 

The term "sequence identity" means that two polynucleotide sequences 
are identical (i.e., on anucleotide-by-nucleotide basis) over the window of 
comparison. The term "percentage of sequence identity" means that two 

25 polynucleotide sequences are identical (i.e., on a nucleotide-by-nucleotide basis) 
over the window of comparison. The term "percentage of sequence identity" is 
calculated by comparing two optimally aligned sequences over the window of 
comparison, determining the number of positions at which the identical nucleic 
acid base (e.g., A, T, C, G, U, or I) occurs in both sequences to yield the number 

30 of matched positions, dividing the number of matched positions by the total 
number of positions in the window of comparison (i.e., the window size), and 
multiplying the result by 100 to yield the percentage of sequence identity. The 
terms "substantial identity" as used herein denote a characteristic of a 
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polynucleotide sequence, wherein the polynucleotide comprises a sequence that 
has at least 85 percent sequence identity, preferably ac least 90 to 95 percent 
sequence identity, more usually at least 99 percent sequence identity as 
compared to a reference sequence over a comparison window of at least ?0 
5 nucleotide positions, frequently over a window of at least 20-50 nucleotides 
wherein the percentage of sequence identity is calculated by comoarins the 
reference sequence to the polynucleotide sequence which ma V include deletions 
or additions which total 20 percent or less of the reference sequence over the 
window of comparison. 

As applied to polypeptides, the term "substantial identity" means that two 
pepftde sequences, when optimally aligned, such as by the programs GAP or 
BESTFIT usmg default gap weights, share at least about 80 percent sequence 
identity, preferably at least about 90 percent sequence identity, more preferably 
at least about 95 percent sequence identity, and most preferably at least about 99 
15 percent sequence identity. 


10 
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I . BNP Geae Qcganizati on ^nri 2mdn Era cesang 

The natriuretic peptides are a similar but genetically distinct familv of 
protems. The gene for human BNP contains 3 exons (Figure 1) and is found on 
chromosome 1. The first exon encodes for a signal peptide (26 amino acids) 
The nnmature form, pro-B.NP, contains 108 amino acids while the mature form 
of BNP contains 32 amino acids. Tfre gene for the canine form has similar 
structure and the protem requires similar processing (Figure 2). LikeANP BNP 
has a highly conserved disulfide bridge in the middle of the molecule with short 
stretches of amino acids extending from either terminal (Gardner, 1994). Unlike 
ANP when is processed when it is secreted from granules in atrial mvoevtes the 
steps mvolved in the processing of BNP remain unclear. In cardiac atria and 
ventncles, high and low molecular weight forms of BNP coexist. In human 
Plasma, pro-BMP is the predominant molecular form (DeBold et al 1981) 
Even in patients with CHF and following myocardial infarction with high levels 
of rmmunoreactive BNP, pro-BNP remains a predominant species (Tatevama et 
al, 1 992). The biologic activity of pro-BNP as compared to mature BNP 
remains uncertain although it is thought to be active (Tatevama et al 1999) 
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The processing of human BNP involves peptide cleavage downstream of 
a consensus sequence of -Arg-X-X-Aig- (RXXR; SEQ ID NO:5) (Figure 1). 
This cleavage site is also found in many other vasoactive peptides including 
CNP, big endothelia and adrenomedullm (Sawada et al., 1997a). This motif is 
5 cleaved by members of the Kex2 family endoproteases of which furin is a 

member. Furin is localized on the trans-Golgi networks of most cells (Sawada et 
al., 1997a). In rat hearts following myocardial infarction, the expression of furin 
parallels the biphasic expression of BNP (Sawada et al., 1997a). Stretch of rat 
cardiomyocytes induces expression of BNP and furin and inhibition of furin 
10 blocks the processing of BNP (Sawada et al., 1997b). Thus, furin may process 
the pro form of BNP. The relative activity and expression of furin and its role in 
expression of NP in cardiac and noncardiac tissue in normal and diseased states 
has not been fully determined. Furthermore, processing may differ between 
atrial and ventricular sites of BNP production. Ventricular myocytes do not 
15 contain secretory granules and may secrete pro-BNP through a constitutive 
pathway (Sawada etaL, 1997a). Thus, co-expression or co-regnlation of 
putative processing enzymes may be important in strategies to overexpress active 
forms of BNP from cardiac and noncardiac cells. 

20 IT . Nncleir Acid lUnlemlP s of rh P Tn ^ ^ n 

A , Somas of the Mustek Acid Mo lec ules afjthfi W * rti "n 

Sources of nucleotide sequences from which the present nucleic acid 
molecules encoding a NP, e.g., BNP or DNP, or a variant thereof, or the nucleic 
acid complement thereof, include total or polyA + RNA from any eukaryotic, 

25 preferably mammalian, e.g., human, rat, mouse, canine, bovine, equine, ovine, 
caprine, feline, more preferably primate, e.g., human, cellular source from which 
cDNAs can be derived by methods known in the art. Other sources of the DNA 
molecules of the invention include genomic libraries derived from any 
eukaryotic, preferably mammalian, cellular source, e.g., those exemplified 

30 above. Moreover, the present DNA molecules may be prepared in vitro, or by 
subcloning a portion of a DNA segment that encodes a particular NP. 
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B, Isolation of a Cm* a ^ 

A nucleic acid molecule encoding a NP can be identified and isolated 
usmg standard methods, as described by Sambrook et al., Mol^n^., 
L a boratory MmmiH , Cold Spring Harbor, NY (1989). For example reverse- 
5 transcriptase PGR (RT-PCR) can be employed to isoiate and clone BNP or DNP 
cDNAs. Oligo-dT can be employed as a primer in a reverse transcriptase 
reactton to prepare first-strand cDNAs from isolated RNA which contains RNA 
sequences of interest, e.g., total RNA isolated from human tissue RNA can be 
uolated by methods known to the art, e.g., using TRIZOL™ reaeent (GBCO- 
10 BRL/Life Technologies, Gaithersburg, MD). Resultant first-strand cDNAs are 
then amplified in PCR reactions. 

"Polymerase chain reaction" or "PCR" refers to a procedure or technique 
m winch amounts of a preselected fragment of nucleic acid, RNA and/or DNA 
are amplified as described in U.S. Patent No. 4,683,195. Generally, sequence ' 
1. information from the ends of the region of interest or beyond is employed to 
design oligonucleotide primers comprising at least 7-8 nucleotides. These 
primers will be identical or similar in sequence to opposite strands of the 
template to be amplified. PCR can be used to amplify specific RNA sequences 
specific DNA sequences from total genomic DNA, and cDNA transcribed from 
20 total cellular RNA, bacteriophage or plasmid sequences, and the like. See 

generally Mullis et al., QddWHarborSvmn n,,^ n h , ^ 263 (19g7) . 
Erlich, ed., PCS Technology , (Stockton Press, NY, 1989). Thus, PCR-based 
cloning approaches rely upon conserved sequences deduced from alignments of 
related gene or polypeptide sequences. 
25 Primers are made to correspond to highly conserved regions of 

polypeptides or nucleotide sequences which were identified and compared to 
generate the primers, e.g., by a sequence comparison of other eukarvotic BNP or 
DNPs. One primer is prepared which is predicted to anneal to the antisense 
strand, and another primer prepared which is predicted to anneal to the sense 
30 strand, of a DNA molecule which encodes, for example, a BNP or DNP. 

The products of each PCR reaction are separated via an aearose gel and 
all consistently amplified products are gel-purified and cloned directly into a 
suitable vector, such as a known plasmid vector. The resultant plasmids are 
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subjected to restriction endonuclease and dideoxy sequencing of double-stranded 
plasmid DNAs. 

Another approach to identify, isolate and clone cDNAs which encode a 
NP is to screen a cDNA library. Screening for DNA fragments that encode all 
5 or a portion of a cDNA encoding a NP can be accomplished by probing the 
library with a probe which has sequences that are highly conserved between 
genes believed to be related to the NP, e.g., the homolog of a particular NP from 
a different species, or by screening of plaques for binding to antibodies that 
specifically recognize BNP or DNP. DNA fragments that bind to a probe having 
1 0 sequences which are related to NP, or which are immunoreactiye with antibodies 
to NP, can be subcloned into a suitable vector and sequenced and/or used as 
probes to identify other cDNAs encoding all or a portion of the NP, e.g., BNP or 
DNP. 

As used herein, the terms "isolated and/or purified" refer to in vitro 

1 5 isolation of a DNA or polypeptide molecule from its natural cellular 

environment, and from association with other components of the cell, such as 
nucleic acid or polypeptide, so that it can be sequenced, replicated, and/or 
expressed. For example, "isolated BNP nucleic acid" is RNA or DNA 
containing greater than 9, preferably 36, and more preferably 45 or more, 

!0 sequential nucleotide bases that encode at least a portion of BNP, or a variant 
thereof, or a RNA or DNA complementary thereto, that is complementary or 
hybridizes, respectively, to RNA or DNA encoding BNP and remains stably 
bound under stringent conditions, as defined by methods well known in the art, 
e.g., in Sambrook et aL, supra. Thus, the RNA or DNA is "isolated" in that it is 

5 free from at least one contaminating nucleic acid with which it is normally 
associated in the natural source of the RNA or DNA and is preferably 
substantially free of any other mammalian RNA or DNA. The phrase "free from 
at least one contaminating source nucleic acid with which it is normally 
associated" includes the case where the nucleic acid is reintroduced into the 

0 source or natural cell but is in a different chromosomal location or is otherwise 
flanked by nucleic acid sequences not normally found in the source cell. 

As used herein, the term "recombinant nucleic acid" or "preselected 
nucleic acid," e.g., "recombinant DNA sequence or segment" or "preselected 
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As used herein, the ton, -derived- arid, mspect to a RNA molecule 
means thu, the RNA mCocnla te comptaeniary sequence idenrity „ a 
^ particular DNA molecule. 

Nucleic acid molecules encoding amino acid sequence variants of NP are 
preparedbyavarietyofmethodsknownrntheart These methods .elude but 
are no, limited to, isolation from a natural source (in the case of naturally ' 
occurring ammo acid sequence variants) or preparation by oligonucleotide- 
medmed (or site-directed) mutagenesis, PGR mutagenesis, and cassette 
mutagenesis of an earlier prepared variant or a non-variant version of the NP 
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Oligonucleotide-mediated mutagenesis is aprefeiTed method for 
preparing amino acid substitution variants of NP. This technique is well known 
in the art as described by Adelman et al., DNA, 2, 183 (1 983). Briefly, for 
example, BNP DNA is altered by hybridizing an oligonucleotide encoding the 
5 desired mutation to a DNA template, where the template is the single-stranded 
form of a plasmid or bacteriophage containing the unaltered or native DNA 
sequence of the BNP. After hybridization, a DNA polymerase is used to 
synthesize an entire second complementary strand of the template that will thus 
incorporate the oligonucleotide primer, and will code for the selected alteration 
10 in the BNP DNA. 

Generally, oligonucleotides of at least 25 nucleotides in length are used. 
An optimal oligonucleotide will have 12 to 15 nucleotides that are completely 
complementary to the template on either side of the nucleotide(s) coding for the 
mutation. This ensures that the oligonucleotide will hybridize properly to the 
1 5 single-stranded DNA template molecule. The oligonucleotides are readily 

synthesized using techniques known in the art such as that described by Crea et 
al-, Proc.Narl. Acat^. Sci TT 8 A , IS, 5765 (1978). 

The DNA template can be generated by those vectors that are either 
derived from bacteriophage M13 vectors (the commercially available M13mpl8 
20 and M 1 3mp 19 vectors are suitable), or those vectors that contain a single- 
stranded phage origin of replication as described by Viera et al., Meth 
EnzvmnL, 152, 3 (1987). Thus, the DNA that is to be mutated may be inserted 
into one of these vectors to generate single-stranded template. Production of the 
single-stranded template is described in Sections 4.21-4.41 of Sambrook et al., 
25 Molecular Cloning A Lahorator^Mamial (Cold Spring Harbor Laboratory 
Press, NY. 1989). 

Alternatively, single-stranded DNA template may be generated by 
denaturing double-stranded plasmid (or other) DNA using standard techniques. 

For alteration of the native DNA sequence (to generate amino acid 
30 sequence variants, for example), the oligonucleotide is hybridized to the single- 
stranded template under suitable hybridization conditions. A DNA polymerizing 
enzyme, usually the Klenow fragment of DNA polymerase I, is then added to 
synthesize the complementary strand of the template using the oligonucleotide as 
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a mod.bod ,hiodeo,yribocy,o s i„e caliod dCTP-(=S) (which can bo abated 
from te Amemha„ Onporatmn). This m,xmre is added to te templat , 
ohgonucleoddecompiex. Uponaddi,,„„ o, DNA polymerase ,o dris mixmre, a 

0 ^»faK,A,dc„dc a l,o.bo^ plateKceptfortiemuttBdtees . 

~ !" * «~ "0" eoo»„dCTP,«S, ms,ead 

of dCTP, wh.cn servos .0 pro.ee, i. from resfricon endonuclease dkesdon 

Afrea te template stmnd of te double . strm(iKi fe ^ 

wtftau appropriate restricdon enzyme, te template sfrsod c a „ bo di.es.ed wl.fr 
Exoffl nuclease or anoter a pp r o pliat o mchase pas , fc ^ ^ ^ 
•*» .0 be mmagenized. Tbo r.aetion „ ten stopped «„ ,eave a moteule te, 
. only pardolly sioglcsfrarrdod. A complele doobte-sfranded DNA homoduplex 
.s ten formed using DNA polymerase in te presence of 11 four 
dooxyribonuclooride ddpbospno.es, ATP, and DNA ligase. This homoduplex 
moleote can ten be franked ,„,„ , sllitabu host „„ ^ ^ ^ ^ 
For example, , preferred ombudsmen, of te tnvendon is on isolate and ' 
punfiod DNA mo.eculo comprisntg . prosoioced DNA segmen, encodim, 
hnnran BNP comprising SEQ ID N0.2 (prepm form,, SEQ m NO:7 (pro form. 
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or SEQ ID NO:9 (mature form), wherein the DNA segment comprises SEQ ID 
NO: 1, SEQ ID NO:6, or SEQ ID NO:8 ; respectively, or variants of SEQ ID 
NO:l, SEQ ID NO:6 or SEQ ID NO:8 having nucleotide substitutions which are 
"silent" (see Figure 1 1). That is, when silent nucleotide substitutions are present 
5 in a codon, the same amino acid is encoded by the codon with the nucleotide 
substitution as is encoded by the codon without the substitution. For example, 
valine is encoded by the codon GTT, GTC, GTA and GTG. A variant of SEQ 
ID NO: 1 at the fifth to the last codon (GTG in SEQ ID NO: 1) includes the 
substitution of GTI, GTA or GTC for GTG. Other "silent" nucleotide 
10 substitutions in which can encode SEQ ID NO:l can be ascertained by reference 
to Figure 1 1 and page Dl in Appendix D in Sarabrook et aL, Mnlm,l»rn ft n,w 
A laboratory Manual (1989). Nucleotide substitutions can be introduced into 
DNA segments by methods well known to the art. See, for example, Sambrook 
et al., supra. Likewise, nucleic acid molecules encoding other mammalian, 
1 5 preferably human, NPs may be modified in a similar manner. 

Nucleic acid molecules falling within the scope of the invention include those 
which hybridize under stringent hybridization conditions to SEQ ID NO:l, SEQ 
ID NO:6, or SEQ ID NO:8. Moderate and stringent hybridization conditions are 
well known to the art, see, for example, sections 9.47-9.51 of Sambrook et al. 
20 ( Molecular Cloning: A Laboratory. Manual , Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY (1989)). For example, stringent conditions are those 
that (1) employ low ionic strength and high temperature for washing, for 
example, 0.015 MNaCl/0.00 15 M sodium citrate (SSC); 0.1% sodium lauryl 
sulfate (SDS) at 50°C, or (2) employ a denaturing agent such as formamide 
25 during hybridization e.g., 50% formamide with 0. 1 % bovine serum 

albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate 
buffer at pH 6.5 with 750 mMNaCl, 75 mM sodium citrate at 42 °C. Another 
example is use of 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium 
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium phosphate, 5 * 
30 Denhardt's solution, sonicated salmon sperm DNA (50 ug/ml), 0. 1% sodium 
dodecylsulfate (SDS), and 1 0% dextran sulfate at 42 °C, with washes at 42 °C in 
0.2 x SSC and 0.1% SDS. 
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Thus, ii is also envisioned that one or more of the residues of the peptide 
encoded by the nucleic acid molecules of the invention can be altered, so lone as 
the pepude variant is biologically active. It is preferred that the variant has at 
least about 10% of the b,ological activity of the correspond** non-variant 

> P e P tlde ' e -S-apeptidehavmgSEQIDNO:2,SEQIDNO:7orSEQIDNO-9 
Conservative amino add substitutions are preferred-that is, for example 
aspamc-glutamtc as acidic amino acids; lysme/argmbe/Mstidine as basic amino 
actds; leucme/isoleucine, methionine/valine, alanine/valine as hydrophobic 
ammo acids; serine/glycine/ai^^^ ag ^ ^ 

10 Conservative amino acid substitution also includes groupings based on side 
chams. For example, a group of amino acids having aliphatic side chains is 
glycme, alanine, valine, leucine, and tsoleucine; a group of amino acids bavin- 
ahphatic-hydroxy, side chains is serine and threonine; a group of amino acids^ 
havmg amide-containing s:de chams is asparagine and glutamme; a group of 
1, ammo acids having aromatic S1 de chains is phenylalanine, tvrosine, and 

tryptophan; a group of amino acids having basic side chains is Ivsine, arginine 
and hastidme; and a group of amino acids having sulfur-containing side chams is 
cysteme and methionine. For example, it is reasonable to expect that 
replacement of a leucine with an isoJeucine or valme, an aspartate with a 
20 glutamate, a threonme with a serine, or a similar replacement of an ammo acid 
wtth a structurally related amino acid will not have a major effect on the 
property of the resulting variant polypeptide. Whether an amino acid change 
results in a functional peptide can readily be determined by assaying the specific 
actmty of the peptide variant. Assays are described in detail herein. 
5 Conservative substitutions are shown in Figure 12 under the heading of 

exemplary substitutions. More preferred substitutions are under the headin* of 
preferred substitutions. After the substitutions are introduced, the variants L 
screened for biological activity. 

Amino acid substitutions falling withtn the scope of the invention, are in 
general, accomplished by selecting substitutions that do not differ significantly 
» the, effect on maintaming (a) the structure of the peptide backbone in the area 
of the substitution, (b) the charge or hydrophobic^ of the molecule at the taxset 
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site, or (c) the bulk of the side chain. Naturally occurring residues are divided 
into groups based on common side-chain properties: 

(1) hydrophobic: norleucine, met ala, val, leu, ile; 

(2) neutral hydrophilic: cys ? ser,thr, 
5 (3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys 5 arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic; trp, tyr, phe. 

The invention also envisions peptide variants with non-conservative 
10 substitutions. Non-conservative substitutions entail exchanging a member of 
one of the classes described above for another. 
TIT , Preparation of Fallin* Within the Scop s o£lhs Invention 

A. Chimeric Fypressinn CaSSfiOgs 

To prepare expression cassettes for transformation herein, the 

1 5 recombinant or preselected DNA sequence or segment may be circular or linear, 
double-stranded or single-stranded. A preselected DNA sequence which encodes 
an RNA sequence that is substantially complementary to a mRNA sequence 
encoding a NP, such as BNP or DNP, is typically a "sense" DNA sequence 
cloned into a cassette in the opposite orientation (i.e., 3' to 5' rather than 5' to 

20 3 '). Generally, the preselected DNA sequence or segment is in the form of 
chimeric DNA, such as plasmid DNA, that can also contain coding regions 
flanJced by control sequences which promote the expression of the preselected 
DNA present in the resultant cell line. 

As used herein, "chimeric" means that a vector comprises DNA from at 

25 least two different species, or comprises DNA from the same species, which is 
linked or associated in a manner which does not occur in the "native" or wild 
type of the species. 

Aside from preselected DNA sequences that serve as transcription units 
for NP, e.g., BNP or DNP, or portions thereof, a portion of the preselected DNA 
30 may be untranscribed, serving a regulatory or a structural function. For example, 
the preselected DNA may itself comprise a promoter that is active in mammalian 
cells, or may utilize a promoter already present in the genome that is the 
transformation target. Such promoters include the CMY promoter, as well as the 
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SV40 late promoter and retroviral LTRs (long terminal repeat elements) 
although many other promoCer elements ^ ^ ^ ^ ^ ^ ^ 

m me practice of the invention. 

Other elements functional in the host cells, such as introns. enhancers 
> polyadenylation sequences and 1^ may also be apart of the preselected' 
DNA. Such elements may or may not be necessary for the function of the DNA 
but may provide improved expression of the DNA by affecting transcription ' 
stab.htyofthemRNA.ortheli.e. Such elements may be included in the DNA 
as desired to obtain the optima, performance of the transfonnins DNA in the 


10 cell 


c™ ml sequences . is dH - med to mem DNA s ^ cs n ^ 

express.cn of an operably fintai coding ^ , ^ 
The control sequences to are suitable for profa^ ce]|s . for " 

^■ E ^^-toow» Ku * epromote[s>poIy , deoylat . oiis . 
and enhancers. " ' 

-Operably linked" is defined to mean , ha, ^ „ uc , eic acids ^ „ 
• tacnona, relationslip ^ ^ ^ ^ 

for a presence or secretory leader is operably Heed „ DNA for . peptide „ 
a0 nolypepbde if,, is expressed as a pr ep rotti „ that pmidpaIK „ ^ ^ rf 
the pepode or polypeptide , prcTO „ pnh „ c „ ^ ^ fe _ 

sequence if i, affec* to „ f ae ^ a ^ ^ 

» operably iinlced to a coding sequence ifit is posiuoned so as to faefflbde 
tranalanon. Oeneratiy, >erabIy lmked „ mMn! ^ ^ ^ 
-5 toed aro cendguous and, in toe case of a secretory , eader , ^ jn 

readtng phase. However, enhancers do no, have ,„ be conttguous. LinkinE is 
accented hy iigadon a, convene, reaction sites. ,f such ste do m 

««. d» syndic oligonucleotide adaptor or .inkers are used in accord with 
conventional practice. 

30 The preselected DNA ,„ bo introduced into the cells further will 

generally contain ei, h „ a selecabl. tnartcer gone or . reporter gene or both to 

T T ica,m "* seleeoon of ,rMsWd •» - of 

cells sough, to bo trttnsfonned. Allemaltyely, Ut. stable marker tnay be 
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carried on a separate piece of DNA and used in a co-transformation procedure. 
Both selectable markers and reporter genes may be flanked with appropriate 
regulatory sequences to enable expression in the host cells. Useful selectable 
markers are well known in the art and include, for example, antibiotic and 
5 herbicide-resistance genes, such as neo, hpt, dhfr, bar, aroA, dapA and the like. 
See also, the genes listed on Table 1 of Lundquist et al. (U.S. Patent No. 
5,848,956). 

Reporter genes are used for identifying potentially transformed cells and 
for evaluating the functionality of regulatory sequences. Reporter genes which 
1 0 encode for easily assayable proteins are well known in the art. In general, a 
reporter gene is a gene which is not present in or expressed by the recipient 
organism or tissue and which encodes a protein whose expression is manifested 
by some easily detectable property, e.g., enzymatic activity. Preferred genes 
include the chloramphenicol acetyl transferase gene (cat) from Tn9 of E. coli, the 

1 5 beia-glucuronidase gene (gus) of the uidA locus of £. coli, and the luciferase 
gene from firefly Photinus pyralis. Expression of the reporter gene is assayed at 
a suitable time after the DNA has been introduced into the recipient cells. 

The general methods for constructing recombinant DNA which can 
transform target cells are well known to those skilled in the art, and the same 

20 compositions and methods of construction may be utilized to produce the DNA 
useful herein. For example, J. Sambrook et al., Modular flnnmo- a 
Laboratory Manna', Cold Spring Harbor Laboratory Press (2d ed., 1989), 
provides suitable methods of construction. 
B. Transformatio n into ffnst PpIIc 

25 The recombinant DNA can be readily introduced into the host cells, e.g., 

mammalian, bacterial, yeast or insect cells, by transfection with an expression 
vector comprising DNA encoding NP, a variant thereof or its complement, by 
any procedure useful for the introduction into a particular cell, e.g., physical or 
biological methods, to yield a transformed cell having the recombinant DNA 

30 stably integrated into its genome, so that the DNA molecules, sequences, or 
segments, of the present invention are expressed by the host cell. 

Physical methods to introduce a preselected DNA into a host cell include 
calcium phosphate precipitation, lipofection, panicle bombardment, 
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microinjection, eiectroporation, and the like. Biological methods to introduce 
toe DNA of interest into a host cell include the use of DNA and RNA viral 
vectors. The m ain advantage of physical methods is that they are not associated 
wnh pathological or oncogenic processes of viruses'. However, thev are less 
5 precise, often resulting in multiple copy insertions, random intention 
disrupts of foreign and endogenous gene sequences, and unpredictable 
expression. Formammalian gene therapy, viral vectors have become the most 
wtdely used method for introducing genes into mammalian, e.g., human, cells 
Viral vectors can be derived from poxviruses, herpes simplex virus I 
10 adenoviruses and adeno-associated viruses, retroviruses, lentiviruses and the 
hke. A preferred embodiment of the invention is the use of adenoviral vectors to 
introduce a NP, e.g., BNP, DNP, or a chimeric NP, gene of the invention to a 
mammalian host. 

As used herein, the term "cell line" or "host cell" is intended to refer to 
1. well-characterized homogenous, biologically pure populations of cells These 
cells may be eukarvotic cells that are neoplastic or which have been 
"immortalized" in vitro by methods known in the art, as well as primary cells or 
prokaryotic cells. The cell line or host cell is preferably of mammalian ori-in 
but cell lines or host cells of non-mammahan origin may be employed, including 
20 plant, insect, yeast, fungal or bacterial sources. Generally, the preselected DNA 
sequence is related to a DNA sequence which is resident in the eenome of the 
host cell but is not expressed, or not highly expressed, or, alternatively, 
overexpressed. 

"Transfected" or "transformed" is used herein to include any host cell or 
cell hne, the genome of which has been altered or augmented by the presence of 
at least one preselected DNA sequence, whtchDNA is also referred to in the art 
of genetic engineering as "heterologous DNA," "recombinant DNA " 
"exogenous DNA" "genetically engineered," "non-native," or "foreisn DNA " 
wherein said DNA was isolated and introduced into the genome of the host ceil 
or cell line by the process of genetic engineering. The host cells of the present 
invention are typically produced by transfection with a DNA sequence in a 
plasmtd expression vector, a viral expression vector, or as an isolated linear 
DNA sequence. Preferably, the transfected DNA is a chromosomaUv integrated 


25 
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recombinant DNA sequence, which comprises a gene encoding NP or its 
complement, which host cell may or may not express significant levels of 
autologous or "native" NP. 

To confirm the presence of the preselected DNA sequence in the host 
5 cell, a variety, of assays may be performed. S uch assays include, for example, 
"molecular biological" assays well known to those of skill in the art, such as 
Southern and Northern blotting, RT-PCR and PCR; "biochemical" assays, such 
as detecting the presence or absence of a particular BNP or DNP, e.g., by 
immunological means (immunoassays, such as ELISA and Western blot) or by 
1 0 assays described herein to identify agents falling within the scope of the 
invention. 

To detect and quantitate RNA produced from introduced preselected 
DNA segments, RT-PCR may be employed. In this application of PCR, it is 
first necessary to reverse transcribe RNA into DNA, using enzymes such as 

1 5 reverse transcriptase, and then through the use of conventional PCR techniques 
amplify the DNA. In most instances PCR techniques, while useful, will not 
demonstrate integrity of the RNA product. Further information about the nature 
of the RNA product may be obtained by Northern blotting. This technique 
demonstrates the presence of an RNA species and gives information about the 

20 integrity of that RNA. The presence or absence of an RNA species can also be 
determined using dot or slot blot Northern hybridizations. These techniques are 
modifications of Northern blotting and only demonstrate the presence or absence 
of an RNA species. 

While Southern blotting and PCR may be used to detect the preselected 

25 DNA segment in question, they do not provide information as to whether the 
preselected DNA segment is being expressed. Expression may be evaluated by 
specifically identifying the peptide products of the introduced preselected DNA 
sequences or evaluating the phenotypic changes brought about by the expression 
of the introduced preselected DNA segment in the host or host cell. 

30 E£ Dosage , Formulation* nnri Pontes of AHministrptmn n f the Aggnt* nfth* 
Invention 

The therapeutic agents of the invention, are preferably administered at 
dosages of at least about 0.01 to about 100 rng/kg, more preferably about 0.1 to 
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about 50 mg *g, a.d even more preferably about 0 . , „ about 3Q 
wogfal. although other dosages may provide beneficial results. The amount 
administered will vary depending on vanous factors including, but not limited to 
the nucleic acid molecule of the mvention chosen, the disease, and whether ' 
a prevennon or treatment is to be achieved. 

Administration of sense or antisense nucleic acid molecule mav be 
accomplished through the introduction of cells transformed with an expression 
cassette comprising the nucleic acid molecule (see, for example, WO 9VCP556) 
or the administration of the nucleic acid molecule (see, for example, Feigner et 
10 al., U.S. Patent No. 5,580,859, Pardoll et al., 2> 165 {1995) . 

Stevenson et al., ImmunaL^, 21 1 (19 95); Moiling .1. Mo, Med. 25 
242 (1997); Donnelly et al., AxmJOLAcad^L, 222, 40 (1995); Yang et al' 
^M.d^v, 2l 476 (1996); Abdallah et al., BiaL£dl, Si, 1 (1995); Woiff 
et al., Site, 242, 146 5 (1990); Tripathy et al., EMAS, q, { 1557 (1994) . 
15 Tnpathy et al., ENAS, 22, 10876 (1 996a); Tripathy et al.. N 2 ^^. , ' 545 
(1996b); Tsurumi et al., fife, * 32 8l (1996); Baumgartner et al., Ein^, 
26. 1 (199/); Lin et al., H v pmmsion . 26, 847 (1990)). Phannaceuticai 
formulations, dosages and routes of administration for nucleic acids are 
generally disclosed, for example, in Felgner et al., supra. 

Administration of recombinant adenovirus to deliver the expression 
cassette or nucieic acid molecule of the invention may be accomplished bv anv 
method know, to the an. See, for example, Guzman et a,., Cfcj^ a , m 
(1993); Kass-Eisler et al., BNAS, 20, 3 1498 (1993); and Giordano et al NaL 
Med., 2, 534 (1996). 

The amount of therapeutic agent administered is selected to treat a 
parucular indication. The therapeutic agents of the invention are also amenable 
to chrome use for prophylactic purposes. Both loca, and systemic administration 
are envisioned. 

Administration of the therapeutic agents in accordance with the present 
invention may be continuous or intermittent, depending, for example, upon the 
regents physiological condition, whether the purpose of the administration is 
therapeutic or prophylactic, and other factors known to skilled practitioners The 


20 
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administration of the agents of the invention may be essentially continuous over 
a preselected period of time or may be in a series of spaced doses. 

One or more suitable unit dosage forms comprising the therapeutic agents 
of the invention, which, as discussed below, may optionally be formulated for 
5 sustained release, can be administered by a variety of routes including oral, or 
parenteral, including by rectal, buccal, vaginal and sublingual, transdermal, 
subcutaneous, intravenous, intramuscular, intraperitoneal, intrathoracic, 
intracoronary inirapulmonary and intranasal routes. The formulations may, 
where appropriate, be conveniently presented in discrete unit dosage forms and 
1 0 may be prepared by any of the methods well known to pharmacy. Such methods 
may include the step of bringing into association the therapeutic agent with 
liquid carriers, solid matrices, semi-solid carriers, finely divided solid carriers or 
combinations thereof, and then, if necessary, introducing or shaping the product 
into the desired delivery system. 
15 When the therapeutic agents of the invention are prepared for oral 

administration, they are preferably combined with a pharmaceutically acceptable 
carrier, diluent or excipient to form a pharmaceutical formulation, or unit dosage 
form. The total active ingredients in such formulations comprise from 0.1 to 
99.9% by weight of the formulation. By "pharmaceutically acceptable" it is 
20 meant the earner, diluent, excipient, and/or salt must be compatible with the 
other ingredients of the formulation, and not deleterious to the recipient thereof. 
The active ingredient for oral administration may be present as a powder or as 
granules; as a solution, a suspension or an emulsion; or in achievable base such 
as a synthetic resin for ingestion of the active ingredients from a chewing gum. 
25 The active ingredient may also be presented as a bolus, electuary or paste. 

Formulations suitable for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, douches, lubricants, foams or sprays 
containing, in addition to the active ingredient, such carriers as are known in the 
art to be appropriate. Formulations suitable for rectal administration may be 
30 presented as suppositories. 

Pharmaceutical formulations containing the therapeutic agents of the 
invention can be prepared by procedures known in the art using well known and 
readily available ingredients. For example, the agent can be formulated with 
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common excipients, drluents, or carriers, and formed into tablets, capsules 
suspense, powders, and the like. Examples of excipients, diluents, and 
earners that are suitable for such formulations include the followin 2 fillers and 
extenders such as starch, sugars, mannitol, and silicic derivatives; binding agents 
a such as carboxymethyl cellulose, HPMC and other cellulose derivatives 
alginates, gelatin, and polyvinyl-pyrrohdone: moisturizing agents such as 
glycerol; disintegrating agents such as calcium carbonate and sodium 
b.carbonate; agents for retardmg dissolution such as paraffin; resorption 
accelerators such as quaternary ammonium compounds; surface active agents 
10 such as cetyl alcohol, glycerol monostearate; adsorptrve carriers such as Lin 
and bentonite; and lubricants such as talc, calcium and magnesium srearate and 
solid poiyethyl glycols. 

For example, tablets or caplets containing the agents of the invention can 
mclude buffering agents such as calcium carbonate, magnesium oxide and 
1. magnesium carbonate. Caplets and tablets can also include inactive indents 
such as cellulose, pregelatinized starch, silicon dioxide, hydroxv propyl methyl 
cellulose, magnesium stearate, noncrystalline cellulose, starch, talc, titoium 
d.oxrde, benzoic acid, citric acid, com starch, mineral oil, polypropylene glycol 
sodum, phosphate, and zinc stearate, and the like. Hard or soft eelatin capsules' 
20 containing an agent of the invention can contain inactive ingredient, such as 
gelatin, microcrystalHne cellulose, sodium lauryl sulfate, starch, talc and 
titamum dioxide, and the like, as well as liquid vehicles such as polvethy le ne 
glycols (PEGs) and vegetable oil. Moreover, entenc coated caplets or tablets of 
an agent of the invention are designed to resist disintegration in the stomach and 
.5 drssolve in the more neutral to alkaline environment of the duodenum. 

The therapeutic agents of the invention can also be formulated as elixirs 
or solutions for convenient oral administration or as solutions appropriate for 
parenteral administration, for instance by intramuscular, subcutaneous or 
intravenous routes. 

30 The pharmaceutical formulations of the therapeutic agents of the 

invention can also take the form of an aqueous or anhvdrous solution or 
drspersron, or alternatively the form of an emulsion or suspension 
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Thus, the therapeutic agent may be formulated for parenteral 
administration (e.g., by injection, for example, bolus injection or continuous 
infusion) and may be presented in unit dose form in ampules, pre-filled syringes, 
small volume infusion containers or in multi-dose containers with an added 
5 preservative. The active ingredients may take such forms as suspensions, 

solutions, or emulsions in oily or aqueous vehicles, and may contain foimulatory 
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, 
the active ingredients may be in powder form, obtained by aseptic isolation of 
sterile solid or by Iyophilization from solution, for constitution with a suitable 
1 0 vehicle, e.g., sterile, pyrogen-free water, before use. 

These formulations can contain pharmaceutically acceptable vehicles and 
adjuvants which are well known in the prior art. It is possible, for example, to 
prepare solutions using one or more organic solvent(s) that is/are acceptable 
from the physiological standpoint, chosen, in addition to water, from solvents 
15 such as acetone, ethanol, isopropyl alcohol, glycol ethers such as the products 
sold under the name "Dowanor, polyglycols and polyethylene glycols, C,-C 4 
alkyl esters of short-chain acids, preferably ethyl or isopropyl lactate, fatty acid 
triglycerides such as the products marketed under the name "Miglyol", isopropyl 
myristate, animal, mineral and vegetable oils and polysiloxanes. 
20 The compositions according to the invention can also contain thickening 

agents such as cellulose and/or cellulose derivatives.. They can also contain 
gums such as xanthan, guar or carbo gum or gum arabic, or alternatively 
polyethylene glycols, bentones and montmorillonites, and the like. 

It is possible to add, if necessary, an adjuvant chosen from antioxidants, 
25 surfactants, other preservatives, film-forming, keratolytic or comedolytic agents, 
perfumes and colorings. Also, other active ingredients may be added, whether 
for the conditions described or some other condition. 

For example, among antioxidants, t-butylhydroquinone, butylated 
hydroxyanisole, butylated hydroxytoluene and a-tocopherol and its derivatives 
30 may be mentioned. The galenical forms chiefly conditioned for topical 

application take the form of creams, milks, gels, dispersion or microemulsions, 
lotions thickened to a greater or lesser extent, impregnated pads, ointments or 
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sticks, or alternatively the form of ae-™r,l f«™„w 

lorm 01 ae«osol formulauons in spray or foam form or 

alternatively in the form of a cake of soap. 

Additionally, the agents are well suited to formulation as sustained 
release dosage forms and the like. The formulations can be so constituted that 
5 they release the active ingredient only or preferably in a particular part of the 
mtestmal or respiratory tract, possibly over a period of time. The coatinss 
envelopes, and protective matrices may be made, for example, from polyene 
substances, such as polylactide-glycolates, liposomes, microemulsions 
nucroparticles, nanopanicles, or waxes. These coatings, envelopes, and 
10 protective matrices are useful to coat indwelling devices, e.g., stents, catheters, 
peritoneal dialysis tubing, and the like. 

The therapeutic agents of the invention can be delivered via patches for 
transderma. administration. See U.S. Patent No. 5,560,922 for examples of 
patches suitable for transdermal delivery of a therapeutic agent. Patches for 
1 = ^dermal delivery can comprise a backing layer and a polymer matrix which 
has dispersed or dissolved therein a therapeutic agent, along with one or more 
skm permeation enhancers. The backing layer can be made of any suitable mate- 
rial which is impermeable to the therapeutic agent. The backing layer serves as a 
protective cover for the matrix layer and provides also a support function. The 
-0 backing can be formed so that it is essentially the same size layer as the polvmer 
matnx or it can be of larger dimension so that it can extend bevond the side 'of ■ 
the polymer matrix or overlay the side or sides of the polymer matrix and then 
can extend outwardly in a manner that the surface of the extension of the backing 
iayercanbethebaseforanadhesivemeans. Alternatively, the polvmer matrix 
-5 can contain, or be formulated of, an adhesive polymer, such as polvacrylate or 
acrylate/vinyl acetate copolymer. For long-term applications it might be desir- 
able to use microporous and/or breathable backing laminates, so hydration or 
maceration of the skin can be minimized. 

Examples of materials suitable for making the backing layer are Sims of 
.0 high and low density polyethylene, polypropylene, polvurethane 

poly^nylchloride, polyesters such as polyethylene phthalate), metal foil, meral 
.oil laminates of such suitable polymer films, and the like. Preferably the 
materials used for the backing layer are laminates of such poller films with a 
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metal foil such as aluminum foil. In such laminates, a polymer film of the 
laminate will usually be in contact with the adhesive polymer matrix. 

The backing layer can be any appropriate thickness which will provide 
the desired protective and support functions. A suitable thickness will be from 
5 about 1 0 to about 200 microns. 

Generally, those polymers used to form the biologically acceptable 
adhesive polymer layer are those capable of forming shaped bodies, thin walls or 
coatings through which therapeutic agents can pass at a controlled rate. Suitable 
polymers are biologically and pharmaceutically compatible, nonallergenic and 
1 0 insoluble in and compatible with body fluids or tissues with which the device is 
contacted. The use of soluble polymers is to be avoided since dissolution or 
erosion of the matrix by skin moisture would affect the release rate of the 
therapeutic agents as well as the capability of the dosage unit to remain in place 
for convenience of removal. 
1 5 Exemplary materials for fabricating the adhesive polymer layer include 

polyethylene, polypropylene, polyurethane, ethylene/propylene copolymers, 
ethylene/ethylacrylate copolymers, ethylene/vinyl acetate copolymers, silicone 
elastomers, especially the medical-grade polydimethylsiioxanes, neoprene 
rubber, polyisobutylene, polyacrylates, chlorinated polyethylene, polyvinyl 
20 chloride, vinyl chloride-vinyl acetate copolymer, crosslinked polymethacrylate 
polymers (hydrogel), polyvinylidene chloride, polyethylene terephthalate), butyl 
rubber, epichlorohydrin rubbers, ethylenvinyl alcohol copolymers, ethylene- 
vinyloxyethanol copolymers; silicone copolymers, for example, polysiloxane- 
polycarbonate copolymers, polysiloxanepolyethylene oxide copolymers, 
25 polysiloxane-polymethacrylate copolymers, polysiloxane-alkylene copolymers 
(e.g., polysiloxane-ethylene copolymers), polysiloxane-alkylenesilane 
copolymers (e.g., polysiloxane-efhylenesilane copolymers), and the like; 
cellulose polymers, for example methyl or ethyl cellulose, hydroxy propyl 
methyl cellulose, and cellulose esters; polycarbonates; polytetrafluoroethylene; 
30 and the like. 

Preferably, a biologically acceptable adhesive polymer matrix should be 
selected from polymers with glass transition temperatures below room 
temperature. The polymer may, but need not necessarily, have a degree of 
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crystallinity at room temDerature Cro^ iinhn. 

- cross -toUng monomenc units or sites can be 

tncorporated into such pollers. For example, cross-linldng monomers can be 
mcorporated into poJvacrylate pollers, which provide sues for cross-iinkmg 

^^^erdispersmgthetherapeudcagen.mtothepol^e. Known cross- 
5 Imtang monomers for polyacrylate polymers include polymethacrylic esters of 
P o.yols such as butylene diacrylate and dimethacrylate, tnmethvlol propane 
tnmethacrylate and the like. Other monomers which prov ld e such sites include 
allyl acrylate, allyl methacrylate, dially] maleate and the like. 

Preferably a plasticizer and/or humectant is dispersed within the 
10 adhesivepolymermatnx. Water-soluble polyols are generally suitable for this 
purpose. Incorporation of a humectant m the formulation allows the dosage unit 
to absorb moisture on the surface of skin which in turn helps to reduce skin 
■mtatton and to prevent the adhesive polymer layer of the delivery system from 
failing. 

1 5 Therapeutic agents released from a transdermal delivery system must be 

capable of penetrating each layer of skin. In order to increase the rate of 
permeation of a therapeutic agent, a transdermal drug delivery svstem must be 
able m particular to increase the permeability of the outermost layer of skin the 
stratum comeum, which provides the most resistance to the penetration of 
20 molecules. The fabrication of patches for transdermal delivery of therapeutic 
. agents is well known to the art. 

For administration to the upper (nasal) or lower respiratory tract by 
inhalation, the therapeutic agents of the invention are conveniently delivered 
from an insufflator, nebulizer or a pressurized pack or other convenient means of 
o dehvenng an aerosol spray Pressurized packs may comprise a suitable 
propellant such as dichlorodiiluoromethane, trichlorofluoromethane 
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a 
pressurized aerosol, the dosage unit may be determined by providing a valve to 
deliver a metered amount. 

30 Alternatively, for administration by inhalation or insufflation the 

composition may take the form of a dry powder, for example, a powder mix of 
the therapeutic agent and a suitable powder base such as lactose or starch The 
powder composition may be presented in unit dosage form in, for example 
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capsules or cartridges, or, e.g., gelatine or blister packs from which the powder 
may be administered with the aid of an inhalator, insufflator or a metered-dose 
inhaler. 

For intra-nasal administration, the therapeutic agent may be administered 
5 via nose drops, a liquid spray, such as via a plastic bottle atomizer or metered- 
dose inhaler. Typical of atomizers are the Mistometer (Wintrop) and the 
Medihaler (Riker). 

The local delivery of the therapeutic agents of the invention can also be 
by a variety of techniques which administer the agent at or near the site of 

1 0 disease. Examples of site-specific or targeted local delivery techniques are not 
intended to be limiting but to be illustrative of the techniques available. 
Examples include local delivery catheters, such as an infusion or indwelling 
catheter, e.g., a needle infusion catheter, shunts and stents or other implantable 
devices, site specific carriers, direct injection, or direct applications. 

1 5 For topical administration, the therapeutic agents may be formulated as is 

known in the art for direct application to a target area. Conventional forms for 
this purpose include wound dressings, coated bandages or other polymer 
coverings, 

ointments, creams, lotions, pastes, jellies, sprays, and aerosols, as well as in 
20 toothpaste arid mouthwash, or by other suitable forms, e.g., via a coated condom. 
Ointments and creams may, for example, be formulated with an aqueous or oily 
base with the addition of suitable thickening and/or gelling agents. Lotions may 
be formulated with an aqueous or oily base and will in general also contain one 
or more emulsifying agents, stabilizing agents, dispersing agents, suspending 
25 agents, thickening agents, or coloring agents. The active ingredients can also be 
delivered via iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122; 
4,383,529; or 4,05 1,842. The percent by weight of a therapeutic agent of the 
invention present in a topical formulation will depend on various factors, but 
generally will be from 0.01% to 95% of the total weight of the formulation, and 
30 typically 0. 1 -25% by weight. 

When desired, the above-described formulations can be adapted to give 
sustained release of the active ingredient employed, e.g., by combination with 
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certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic 
polymer gels or mixtures thereof. 

Drops, such as eye drops or nose drops, may be formulated with an 
aqueous or non-aqueous base also comprising one or more dispersma agents 

o solub ^^ntsorsuspendmg ag ents.L 1 quidspravsareconveni^ 
dehvered from pressurized packs. Drops can be delivered via a simple eve 
dropper-capped bottle, or via a plastic bottle adapted to deliver hqmd contents 
dropwise, via a specially shaped closure. 

The therapeutic agenr may further be formulated for topical 
10 administrationinthemouthorthroat. For example, the active ineredients may 
be formulated as a lozenge further comprising a flavored base, usuallv sucrose 
and acacia or tragacanth; pastilles comprising the composition in an inert base 
such as gelatin and glycerin or sucrose and acacia; mouthwashes compnsine the 
compost of the present invention in a suitable liquid earner; and pastes and 
15 gels, e.g., toothpastes or gels, comprismg the composition of the invention. 

The formulations and compositions described herein mav also contain 
other ingredients such as antimicrobial agents, or preservatives. Furthermore 
the active ingredients may also be used in combination with other therapeutic 


agents. 

20 


The invention will be further described by the following examples. 


Evampfr 1 

Gene Tra^f> r Y&jQJS 

25 Vferhnri^ 

Western TU 0 f An^y^ c; 

Samples of equal amounts of protein are denatured bv boiling for 5 
mmutes and resolved by electrophoresis on a 12% SDS-polyacrvlamide «el 
Transfer of protein to a nitrocellulose membrane is carried out over 3 hou. at 
30 4°C. Immunobiotting is performed using a polyclonal rabbit anti-human BMP 
anobody or polyclonal anti-canine BNP antfbody (Phoenix Pharmaceuticals 
Mountain View, CA) at a dilution of 1 :500 in nonfat milk/TBS-T buffer 
Following washes, the membrane is subsequent* probed with anti-rabbit 
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secondary antibody conjugated to horseradish peroxidase (Amersham Life 
Sciences, Arlington Heights, EL) at a dilution of 1:5000 and developed with 
chemiluminescence (Supersignal, Pierce, Rockford, EL). The membrane is then 
exposed to X-ray film (Kodak, Rochester, NY) and subsequently developed. 
5 High Performance Gal Perm^tinn rhr»m q tn ra r hv <rn>.r T p r ) 

Natriuretic peptide components of different molecular weight are 
measured by radioimmunoassay after separation with HP-GPC using a TSK- 
GEL G 2000 S W column (7.5 x 600 mm; Toyo Soda, Tokyo), as described in 
Rodeheffer et al. (1993) and Wei et al. (1993). Columns are eluted with 
10 10 mmoi/L trifluoroacetic acid containing 9.2 mol/L sodium chloride and 30% 
acetonitrile as a solvent at a flow rate of 0.3 mL/min. 
cGMP Determinating 

Glomeruli are isolated using a modification of the technique of Chaumet- 
Riffaud et al. (1981). Briefly, after the kidneys are removed and placed in ice- 

15 cold Kreb's buffer, pH 7.4, containing 135 mM NaCl, 4.7 mM KC1, 25 mM Na 
bicarbonate, 1.2 mM KHPO, 2.5 mM CaCl, 0.026 mM Ca disodium versenate,' 
and 10 mM glucose, equilibrated with 95% 0 2 and 5% CO : . The renal cortex is 
isolated, sliced, minced and centrifuged at 1000 rpm in Kreb's buffer. This 
mixture is then squeezed through sieves of with pore sizes of 250, 212, and 

20 60 urn sequentially. The glomeruli which are retained on the 60 urn sieve are 
resuspended in ice-cold Kreb's buffer. The final centrifugation uniformly yields 
material containing > 90% glomeruli and less that 5% tubular cell contamination 
when examined by light microscopy. 

For the measurement of natriuretic peptide dependent cGMP 

25 accumulation, aliquots of fresh glomeruli are suspended in 350 ml of buffer A 
Chaimet-Riffaud et al., 1981 in which 1 mM CaCl 2 is added to glomeruli. Each 
preparation is preincubated for 1 0 minutes at 37°C in a shaking water bath. 
Incubation is then started in the presence or absence of 3 x 10 4 MCBMX, a • 
phosphodiesterase inhibitor with condidoned media. The reaction is terminated 

30 at 1 0 minutes by adding 750 ml ice-cold trichloroacetic acid (TC A), final 
concentration 6.6%, and centrifugation at 4°C. The pellet is dissolved in 1 N 
NaOH and assayed for protein by the Lowry method utilizing bovine serum 
albumin as the standard. The supernatant fluid is extracted five times with water 
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saturated ethanol to remove the TCA before being evaporated to drvness under a 
stream of an- and stored at -80°C until assayed for cGMP content. Cyclic GMP 
content is determined by dissolving the sam pl es in 50 mM sodium acetate buffer 
PH 6.2. 100 ml aliquots are acetylated according to the manufacturer's 
5 instruct,** (New England Nuclear). Averaged results of triplicate 
determinations are expressed as finol cGMP accumulated per 10 minute 
mcubatton per mg protein. Cyclic GMP is measured by the radioimmunoassay 
technique of Steiner et al., (1972). • 
Result 

10 Nrm-Viral Vfv-f-r 

To develop a eukaryoric expression plasmid for human BNP cDNA 
encoding for human P re- P ro BNP (Seilhamer et a,., 1989; obtained from Scios 
Inc., Mountain View, CA) was amplified from human atria, tissue and cloned ' 
into P UC9 at the EcoRI site. This cDNA encodes the 1 34 amino acid pre-pro 
f0mi0fBNP - ^ e C ^NA was excised from this plasmid with EcoRI, treated 
with the Klenow fragment of DMA polymerase (New England Biolabs, Beverly 
MA) m thepresence of dNTP and cloned into pCMVint at the EcoRV site by ' 
blunt hgation with T4 DNA ligase (New England Biolabs. Beverlv MA) 
Untranslated sequences from the cytomegalovirus immediate-early (CMV EE) 
20 gene (first exon and intron) were employed to increase expression from CMV IE 
and heterologous promoters. Thxs enhancement requires the 3' solicit site 
within the intron and is not dependent on putative enhancers withm the intron 
(Snnari et al„ 1 998; Caplice et al., 1997). Ligation ends of this plasmid 
(pCMVint-hBNP; Figure 3) were sequenced. The Limulus amoeba lysate assay 
-5 is employed to determine the levels of endotoxin in each preparation 
(preparations were excluded if > 5 IU/mg of DNA) (Sigma). 

To test the ability of pCMVint-hBNP to express pre-oro BNP from 
human cells, 293 cells (human embryonic kidney cells) were transfected with 
pCMVmt-hBNP using lipofectamme (Gibco/BRL, Gaithersbura, MD) The 
30 DNA-hposomes were removed following two hours of exnosure at 37*C and 
replaced with DMEM (GffiCO-BRL, Grand Island, NY) containing lQ% ^ 
calf serum and 1% penicillin/streptomycin. Twenty-four hours later, the media 
was removed and the cells were washed and the media was replaced with 6 mis 
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of serum-free DMEM for 48 hours at 37°C. Following this incubation, 
conditioned media was removed, spun at 12,000 rpm for 10 minutes to remove 
cellular contaminants and frozen in aliquots at -80°C for later analysis. 

Protein in conditioned media was analyzed using Western blot analysis. 
The data (Figure 5) suggests that conditioned media from transfections with 
pCMVint-hBNP contained an immunoreactive band of a higher molecular 
weight than recombinant hBNP. This larger form is likely pro BMP but may 
represent glycosylate of a processed form. Blotting with an antibody to pre- 
pro forms (Phoenix Pharmaceuticals), high performance gel permeation 
chromatography, and peptide sequencing (Mayo Peptide Core) are underway to 
determine more accurately which form this higher MW band represents. 

Figure 4 shows that transfecnon of pCMVint-hBNP into human cells 
resulted in > 1000-fold increase in expression ofBNP, as determined by a 
radioimmunoassay for BMP (Shionogi Co. Ltd., Osaka, Japan). The ability of 
these media to stimulate the second messenger, cyclic GMP was also determined 
in normal canine isolated glomeruli as measured by the radioimmunoassay 
technique of Steiner et al. (1972). Conditioned media from transfections with 
pCMVint-hBNP were able to stimulate the production of cGMP compared with 
control-conditioned media (Figure 6). 
20 A cDNA encoding pre-pro human BNP was cloned into VR1 012 (Vical. 

Inc., San Diego, CA) which contains the CMV IE promoter/enhancer and 5' 
untranslated sequences and a bovine growth hormone poly A sequence 
(VR1012-hBNP). Human embryonic kidney cells were transfected using 
lipofectamine with VR1012-hBNP or with VR1012. Conditioned media from 
25 cells transfected with VR1012-hBNP contained elevated levels of hBNP as 
detected by radioimmunoassay (PJA) in comparison to media from cells 
transfected with VR1012 (2475.0 = 24.1 vs. 4.2 = 0.3 pg/ml, p < 0.05). Western 
blot analysis of conditioned media using polyclonal antibodies to the pre-pro 
form and mature forms of BNP demonstrated the presence of a processed from 
ofBNP in media from VR1012-hBNP transfected cells. The ability of the 
conditioned media to stimulate the second messenger cGMP was assessed via 
incubation with isolated canine glomeruli. The media from VRl012-hBNP 
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resulted in increased cGMP production relative to VR1012 media (0.40 = 0.04 
vs. 0.20 = 0.03 pmol/mg protein, p < 0.05). 

To develop a eukaryoric expression plasmid that expresses canine BMP a 
plasmid containing genomic DNA encoding for canine P re-pn> BNP (obtained ' 
5 from Scios, Inc., Mountain View, CA), which encodes the 134 amino acid pre- 
pro form of canine BNP, was used as a template in a PGR with nrimers The 
amphfied sequence was cloned into pCR2.1 (Invitrogen, Carlsbad, CA) usine T 
ovemangs. The insert was sequenced, and then excised from this plasmid mth 
EcoRI, treated with the Klenow fragment of DNA polymerase (New England 
10 B 10 labs, Beverly, MA) in the presence of dNTP and cloned into pCMVint at the 
EcoRV site by blunt ligation with T4 DNA ligase (New England Biolabs 
Beverly, MA). Ligation ends of this plasmid (pCMVint-gcBNP; Fieure 7) were 
sequenced. 

cDNA for canine BNP (cBNP) is obtained from RNA from cells 
b transfected with pCMVint-gcBNP using reverse transcriptase-PCR. Briefly 
mRNA in 0.5 ug total RNA is transcnbed to cDNA in a mixture contaW 
MuLV reverse transcriptase (2.5 p/ml), 2.5 uM oligo dT primers, 5 mM MgCl, 
1 mM each ofdeoxynucleoside triphosphates and 1 U/ml RNase inhibitor in " 
PCR buffer (Perkin Elmer, Foster City, CA). Reactions are carried out at 42»C 
20 minutes followed by MuLV RT inactivation at 99°C for 5 minutes PCR 

samples (20 ul) from each RT mixture are amplified for 35 cvcles with Taq 
polymerase (25 U/ml) using 0.15 uM each of canine-specific BNP 
oligonucleotide primers. .Amplifications are carried out in a thermocycler 105 
seconds at 95'C, 15 seconds at 95°C, 30 seconds at 60°C and 7 minutes at 7?°C 
25 for 35 cycles. The cDNA is cloned into P CR2.1 (Invitrogen, Carlsbad, CA) 
usmg T overhangs. The insert is sequenced, then excised with EcoRI, treated 
with the Klenow fragment of DNA polymerase (New England Biolabs 
Beverley, MA) m the presence of dNTP and cloned into pCMVint at the EcoRV 
site by blunt ligation with T4 DNA ligase (New England Biolabs, Beverlv MA) 
30 (pCMVint-cBNP). " ) 

To create expression plasmids which express the mature form of cBNP 
directly, a unique deletion mutant is created using the known sequence of hBNP 
which maintains the native leader sequence while removing the pro-enzvme 


WO 00/71576 


PCT/US00/14351 


40 

coding sequence. Two long oligos which have 20 bp complementarity are 
annealed using standard techniques. The oligos each contain a unique 5' 
restriction site (Xbal and Bglll) for subsequent cloning. The annealed oligos are 
extended using T7 DNA polymerase in the presence of dNTP, cleaved with the 
5 unique restriction enzymes and cloned into pCMVint at the Xbal and Bgffl sites 
using T4 DNA ligase. The resulting plasmid is referred to as pCMVint-cmBNP 
(Figure 10). 

To test the ability of pCMVint-gcBNP to express pre-pro cBNP from 
human cells, 293 cells (human embryonic kidney cells) were transfected with 

10 pCMVint-gcBNP and lipofectamine (Gibco/BRL, Gaithersburg, MD). As 

shown in Figure 8, transfection of pCMVint-gcBNP into human cells resulted in 
> 25 fold increase in expression of BNP. 

To determine whether furin processes pro BNP, the furin gene is cloned 
into a bicistronic plasmid encoding BNP downstream from an internal ribosomal 

1 5 entry site (IRES) from the encephalomyocarditis virus. This plasmid is referred 
to as pCMVint-cBNP-furin. This plasmid alone, as well as a plasmid expressing 
cBNP and a plasmid expressing furin, are transfected into cells and the 
molecular forms of the resulting peptides in conditioned media determined using 
immunoblotting and HP-GPC. 

20 Adenovirus Vsrf^ 

To prepare adenoviral vectors encoding forms of BNP, a shuttle plasmid 
containing the expression cassette for human BNP (pAdCMV-hBNP) was 
constructed by cloning the MscI/XmnI fragment of pCMVint-hBNP into the 
Bgin site of pAdBgUI. pAdBglH contains the Ad5 sequences 0-1 and 9.2-16.1. 

25 This shuttle plasmid is linearized and cotransfected individually with an 
Xbal/Clal fragment of Adi (sub 360) DNA into 293 cells (human embryonic 
kidney cells which express El) to generate replication-deficient recombinant 
adenoviral vectors expressing hBNP. An El deleted recombinant adenoviral 
vector without cDNA insert (Ad-AEl) is used as a control for adenoviral 

30 infection (Simari et aL, 1996). Cotransfection resulted in cytopathic effects in 
293 cells. 

Crude viral lysates from these transfections is plaque purified and 
screened for recombinant virus. Cesium chloride purified virus is dialyzed 
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against phosphate buffered saline (PBS), filtered and diluted in 13% glyceroi- 
PBS. Viral titers are determined by standard spectrophotometric methods. Viral 
stocks are diluted to titers of approximately! * 10 l0 pfu/ml. Wild-t> T e virus is 
excluded using standard techniques. 

Other viral vectors constructed include AdCMV-cBNP, which is a vector 
that expresses pre-pro cBNP from cDNA; AdCMV-cmBNP and AdCMV- 
cBNP/furin which expresses pre-pro hBNP from cDNA or which expresses 
mature cBNP, respectively; and AdCMV-gcBNP, which expresses pre-pro cBNP 
from genomic DNA. 


Delivery of BNP fa. Vivn tn M ^ai Canine 

M et ho ds 

Plasma and Tinners, 

1 5 Arterial blood for hormone analysis is collected in heparin and EDTA 

tubes and immediately placed on ice. After centrifugation at 2,500 rpm at 4°C, 
the plasma is decanted and stored at -80°C until analysis. Specific plasma 
radioimmunoassays include canine and human (if necessary) ANP, BNP, CNP, 
cGMP, renin, and aldosterone. Radioimmunoassays are performed based upon 

20 well known methods. Urine for hormone analysis is also collected on ice. Urine 
samples are analyzed for BNP and cGMP via species-specific 
radioimmunoassays . 
EchQC-ardiopraphic Analysis 

. To determine the myocardial effects of local and systemic gene transfer 

25 of BNP, a mo-dimensional and 2-D guided M-mode echocardiogram (Toshiba, 
Japan) is performed from the right peristernal window of each dog at baseline 
and weekly throughout the animal studies. Left ventricular end-diastolic 
(LVEDd) and end-systolic (LVESd) dimensions are measured from the 2-D 
guided M-mode tracings. Echocardiograms are performed in the conscious state 

30 with the dog unrestrained and standing quietly by a single echocardiographer 
with over five years of experience performing echocardiography in humans and 
dogs. Three cardiac cycles are measured and the average of the three 
measurements recorded. No cycles after a premature or paced premature beat is 
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used for analysis. Echocardiography formula for the computation of left 
ventricular ejection fraction is as follows: [(LVEDd 2 - LVESd 2 )/LVEDd 2 ]. 
Analysis of Tissue Samples 

To assure that injected DNA remains at the site of injection or infusion, 
5 harvested tissue is homogenized and cellular DNA is extracted using standard 
techniques (Strauss, 1 998). PCR of this cellular DNA with primers specific for 
the unique regulatory sequences of plasmids injected is performed. Sections 
from each organ are stained with hematoxylin and eosin for evaluation of 
inflammation at the site of injection and distant sites. 
10 Dosages 

A range of single IM (gluteal muscle) doses of from 1-30 mg/animal is 
employed using a 27 gauge needle. The doses used in adenoviral-based gene 
transfer range from 10 7 -10 10 pfu (Tripathy et aL, 1994). 
Results 

1 5 Local myocardial expression of BNP might achieve higher tissue levels 

and take advantage of native processing, while skeletal muscle delivery may 
result in systemic levels that might have greater effects on the renal and vascular 
systems. To determine whether both routes of administration result in BNP 
expression, normal dogs are administered a plasrnid or recombinant adenovirus 

20 which encodes BNP. 

Skeletal Muscle-based Gene Transfer in Normal T)nv* 

Adult mongrel dogs of either sex are used for this protocol Two weeks 
prior to starting the protocol, a subcutaneous catheter was placed in mongrel 
dogs (n = 3) under general anesthesia (intravenous 4% Methohexital 1 cc/ 5 lbs.; 

25 maintenance with inhaled Isoflurane) via the femoral artery into the aorta with a 
distal subcutaneous arterial well permitting serial blood sampling. After 
appropriate aseptic surgical preparation, a skin incision was made in the left 
inguinal region and the femoral artery is exposed with blunt dissection. Another 
skin incision was made on the dog's back in the lumber area. A trocar was 

30 passed subcutaneously from the lumbar incision to the groin incision, and the 
catheter was placed so the end may be inserted into the femoral artery. The port 
was secured subcutaneously to the lumbar muscle layer with 2-0 silk suture. The 
arterial end of the catheter was held in situ with 2-0 silk ties. Vicry l was used to 
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close the fascial layers, subcuticular muscle, and the skin. During the surgical 
procedure, the catheter was filled with a 1:1 solution of heparin and saline The 
first day post-op, the catheter was again flushed with this solution to prevent 
clotting. A weekly flush with Penicillin G Potassium in a 1:1 solution of heparin 
5 and saline was employed to maintain patency. Animals were then allowed to 
recover for two weeks. 

On the day prior to IM injection, a 24 hour urine is collected for 
determination of daily sodium and creatinine excretion permitting assessment of 
sodium balance and creatinine clearance. Blood is drawn from the arterial port 
1 0 for determination of plasma ANP, BNP, CNP, C GMP, renin, aldosterone, 
creatinine and sodium together with the measurement of arterial pressure. 
Following this equilibration, the animals receive an IM injection (hind leg, 
gluteal muscle) of plasmid (Day 0). Following injection, blood tests are repeated 
on Days 1, 2, 4 and 7 and weekly thereafter for 42 days. At the same time points, 
15 24 hour urine volumes, creatinine, cGMP and electrolytes and arterial pressure 
are obtained as well as echocardiography. At 42 days dogs are euthanized and 
necropsies performed. The muscle at the sites of injection and biopsies of all 
major organs are removed and flash frozen in liquid nitrogen for further analysis. 
1 ne hearts are weighed and processed for standard histologic analysis. 
20 Cardiac -Musrh-bas ff l Gene I r aiisfedn^lQim al Dogs 

Adult mongrel dogs of either sex are used for this protocol. The animals 
receive an intracoronary infusion of recombinant adenoviral vector (Day 0) 
Two weeks prior to starting the protocol, a subcutaneous catheter is placed under 
general anesthesia (intravenous 4% Methohexital 1 cc/5 lbs; maintenance with 
25 inhaled Isoflurane) via the femoral artery into the aorta with a distal 

subcutaneous arterial well permitting serial blood sampling. After appropriate 
aseptic surgical preparation, a skin incision is made in the left inguinal region 
and the femoral artery is exposed with blunt dissection. Another skin incision is 
made on the dog's back in the lumbar area. A trocar is passed subcutaneously 
30 from the lumbar incision to the groin incision, and the catheter is placed so the 
end may be inserted in the femoral artery. The port is secured subcutaneously to 
•the lumbar muscle layer with 2-0 silk suture. The arterial end of the catheter is 
held in situ with 2-0 silk ties. Vicryl is used to close the fascial layers, 
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subcuticular muscle, and the skin. During the surgical procedure, the catheter is 
filled with a 1 :1 solution of heparin and saline. The first day post-op, the 
catheter is again flushed with this solution to prevent clotting. A weekly flush is 
done with Penicillin G Potassium in a 1:1 solution of heparin and saline to 
5 maintain patency. Animals are then allowed to -recover for two weeks. 

One the day prior to gene transfer, a 24 hour urine is collected for 
determination of daily sodium and creatine excretion permitting assessment of 
sodium balance and creatinine clearance. Blood is drawn from the arterial port ' 
for determination of plasma canine and human (if necessary) ANP, BNP, CNP, 

10 cGMP, renin, aldosterone, creatinine and sodium together with the measurement 
of arterial pressure. Following this equilibration, the animals receive the 
intracoronary infusion of adenovirus (Day 0) (Giordano et al., 1996). A midline 
incision is made in the ventral neck and the right carotid artery is exposed using 
blunt dissection. An arteriotomy is made and a standard hemostatic sheath is 

15 inserted. Through the sheath, a standard 8F angioplasty guiding catheter is 
placed into the ostium of the left main coronary artery. Under fluoroscopic 
guidance, an infusion of adenoviral containing soLution (4 mis) is infused over 
90 seconds. Following delivery, the sheath is removed, the artery ligated and 
Vicryl is used to close the fascial layers, subcuticular muscle, and the skin. 

20 Blood tests are repeated on Days 1 , 2, 4 and 7, and weekly for 6 weeks. 

At the same time points, 24 hour urine volumes, creatinine, cGiMP and 
electrolytes and arterial pressure are obtained as well as echocardiography. At 
42 days, the dogs are euthanized and necropsies performed. The.heart is 
weighed and sectioned for immunohistochemical analysis and biopsies of all 

25 major organs is removed and flash frozen in liquid nitrogen for further analysis. 
Results 

An adenoviral vector (ADV-hBNP) encoding the human BNP cDNA for 
pre-pro BNP was injected into the left ventricular myocardium from the 
endocardial side in 2 normal dogs using a percutaneous catheter-based technique 
30 (Boston Scientific, Natick, MA). Each heart was injected at 5 different sites with 
ADV-BNP (1.4 x io 9 pfu/site) mixed with fluorescent marker beads. Seventy- 
two hours after gene transfer, animals were euthanized and injection sites were 
identified by fluorescence. Central venous and coronary sinus human and canine 
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BNP levels were measured at baseline and at 72 hours using specific 
radioimmunoassays. RT-PCR and irranunohistochernistry of injected and 
control myocardium were perfonned. 

Immunostaining for hBNP showed that BNP was present in myocytes 
5 and non-myocytes of treated regions and absent in control areas. hBNP mRNA 
expression was verified by RT-PCR. At 72 hours, circulating central venous 
hBNP was 19.4 ± 0.5 pg/ml and coronary sinus hBNP was 208.0 = 106.1 pg/ml 
compared to negligible baseline levels (0.6 i 0.8 pg/ml). Venous canine BNP 
levels did not change following adenoviral injection (14.1 ± 0.6 at baseline, 16.7 
± 2.3 at 3 days). Therefore, catheter-based, adenoviral-mediated gene transfer of 
human BNP in dogs resulted in local and systemic BNP expression 3 days after 
infection. These results suggest a new approach for local myocardial and 
systemic gene-based therapies for cardiovascular diseases. 

15 Example 7 

A Canine ATVp jyfcfej 

A modified model of pacing-induced ventricular dysfunction is employed 
to better characterize the temporal changes in local and circulating humoral 
factors during the progression of experimental heart failure from the initial stage 
20 of ventricular systolic failure (ALVD) through the phase of compensation to the 
terminal phase of overt CHF. Unlike the more conventional model of pacing- 
induced CHF, this modified model results in progressive ventricular systolic 
dysfunction with ventricular dilatation and hypertrophy (Stevens et al., 1996). 

This model of ALVD is produced by incremental increases in rapid 
ventricular pacing over a period of a month. Ventricular pacing is initiated first 
at ISO beats per minute (bpm) and continued at this rate for ten days. This phase 
mimics human ALVD with early activation of the NTS, a maintenance of 
sodium balance, suppression of the renin angiotensin aldosterone system and a 
preserved natriuretic response to intravascular saline volume expansion despite 
marked ventricular dysfunction (Redfield et al,, 1993). The pacing rate is then 
increased at seven day intervals to rates of 200, 210, 220 and 240 bpm. 
Neurohumoral function and sodium balance have been characterized at baseline 
before pacing, in ALVD (1 80 bpm), in the transition phase (220 bpm) during 
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which the onset of sodium retention is first observed in the absence of a decrease 
in arterial pressure or increase in circulating angiotensin II and in overt CHF 
(240 bpm) which is characterized by profound sodium retention with marked 
activation of angiotensin II. In this model, echocardiography demonstrates a 
5 decrease in left ventricular ejection fraction and a progressive increase in left 
ventricular end diastolic diameter with an increase in left ventricular mass. Left 
ventricular tissue concentrations of ANP, a marker for hypertrophy, are also 
increased in overt CHF. 

In this model, plasma ANP, BNP and cGMP and urinary cGMP are 

10 elevated in ALVD (Stevens et ah, 1996). Both ANP and BNP progressively 
increase during the progression to overt CHF while plasma cGMP plateaus and 
urinary cGMP decreases. CNP, unlike ANP and BNP, increases minimally and 
only in overt CHF. Plasma renin activity, aldosterone and ET-1 increase only in 
overt CHF. Circulating norepinephrine increases prior to the activation of other 

15 vasoconstrictive systems during the transition from ALVD to overt CHF. 
Arterial pressure decreases only in overt CHF while body weight increases 
during the Transition phase. Urinary sodium excretion is preserved in ALVD 
despite ventricular dysfunction. Sodium retention is initiated in the Transition 
phase and was marked in overt CHF. Thus, this model has the cardiorenal and 

20 endocrine adaptations similar to that of humans with progressive ventricular 
dysfunction and represents a model to study therapeutic options to attenuate the 
progression of this multiorgan disease. 

To establish whether overexpression of local or systemic BNP delays the 
progression of ALVD to overt CHF in a canine model, two groups of dogs are 

25 studied in each delivery strategy (cardiac and skeletal muscle). Each group 

contains ten animals. In the skeletal muscle group, ten receive pCMVint and ten 
a plasmid-based vector. In the cardiac myocyte group, ten receive Ad-AEl and 
ten receive a viral vector. Gene transfer is performed on the day prior to 
initiation of pacing. Prior gene transfer on Day 0, blood measurement of plasma 

30 BNP and cGMP and urine for cGMP are obtained. Following injection, blood is 
drawn on days 2, 7 and 10, and weekly thereafter for a total of 4 weeks. 

In a sterile surgical suite, dogs are anesthetized utilizing pentobarbital 
sodium anesthesia at a dose of 30 mgfcg i.v. for induction and repeated dosing as 
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needed for maintenance of anesthesia. Supplemental oxygenation at SL/minute 
is provided with an endotracheal tube utilizing a Harvard respirator (Harvard 
Apparatus, Millis, MA). A programmable cardiac pacemaker (Medtronic, 
Minneapolis, MN) is implanted via a left thoracotomy with a 1-2 cm 
5 pericardiotomy. Following the pericardiotomy, the heart is exposed and a screw- 
in epicardial pacemaker lead is implanted into the right ventricle. The 
pacemaker lead is then connected to a pulse generator which is implanted 
subcutaneously in the chest wall. Pacing capture is verified .intraoperative^. 
The pericardium is sutured closed with great care so as not to distort the anatomy 
of the pericardium. The chest cavity, deep and superficial incisions is closed in 
layers. 

A chronic indwelling femoral arterial catheter for mean arterial pressure 
monitoring and arterial plasma sampling is placed in each dog during the sterile 
surgical period. The catheter is implanted into the left femoral artery with the 
self-sealing silicone rubber septum port tunneled subcutaneously to the left upper 
hind limb. Arterial line patency is maintained by heparin (1,000 U/ml) flushes 
which are performed twice weekly. 

Following the sterile surgical procedure and extubation, each dog spends 
the next twenty-four hours in a monitored recovery area. A recovery period of 
20 fourteen days is allowed following surgical implantation of the pacemaker. 
Prophylactic antibiotic treatment with 225 mg clindamycin subcutaneously and 
400,000 U procaine penicillin G plus 500 mg dihydrostreptomycin 
intramuscularly are administered preoperatively and on the first two 
postoperative days. All dogs are fed a controlled sodium diet of 58 mEq sodium 
25 per day (Hills I-D) and allowed free access to water. 

Progressive left ventricular dysfunction (PLVD) is produced by 
incremental rapid ventricular pacing with four major periods of study 
representing the full spectrum of heart failure including asymptomatic left 
ventricular dysfunction (ALVD), a period of transition between ALVD and 
severe overt CHF which is a transition period and finally overt GHF. These 
periods and pacing protocol are as follows: 
Baseline: Day 1 prior to pacing 
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ALVD: Days 1-17 (pacing rate 180 bpm for 10 days followed by 200 
bpm for 7 days) 

Transition: Days 19-3 1 (pacing rates 210 bpm for 7 days followed by 
220 bpm for 7 days) 
5 • Overt CHF: Days 32-3 8 (pacing rate 240 bpm for 7 days) 

Animals are sacrificed on Day 38 following the final assessment. 
To assess the myocardial effects of gene transfer, a two-dimensional and 
2-D guided M-mode echocardiogram (Toshiba, Japan) is performed from the 
right peristemal window of each dog at baseline prior to pacing, ALVD (Day 

10 10), transition (Day 31), and in overt CHF (Day 38). Left ventricular end- 

diastolic (LVEDd) and end-systolic (LVESd) dimensions are measured from the 
2-D guided M-mode tracings. Echocardiograms are performed in the conscious 
state with the dog unrestrained and standing quietly. All images are obtained 
with the pacemaker deprogrammed for a total imaging period of less than ten 

15 minutes. Three cardiac cycles are measured and the average of the three 

measurements recorded. No cycles after a premature or paced premature beat are 
used for analysis. Echocardiographic formula for the computation of left 
ventricular ejection fraction is as follows: [(LVEDd 2 - LVESd 2 )/LVEDd 2 ]. 
To permit characterization of cardiorenal and neurohumoral function, 

20 acute experiments are conducted at baseline and ALVD (Day 10), transition 
(Day 31) and in overt CHF (Day 38). On the night before the acute experiment, 
animals are fasted, given 300 mg lithium carbonate for assessment of tubular 
function and allowed access to water. On the day of the acute experiment, dogs 
are anesthetized with thiopental sodium (15 mg/kg, i.v.) to allow sterile 

25 percutaneous placement of a flow-directed balloon tip pulmonary artery catheter 
placed via an internal jugular vein. The femoral artery catheter is connected to a 
pressure monitor for on-line measurement of aortic pressure. A urinary bladder 
catheter is inserted for urine collection. Antibiotic prophylaxis for the acute 
experiment is provided by intravenous cephazolin (20 mg/kg) 30 minutes prior 

30 to the experiment and at completion of the acute protocol. After the dog fully 
regains consciousness, an equilibration period of sixty minutes is allowed before 
initiating the acute study. The acute protocol consists of two 45 minute 
clearances. Hemodynamics are measured and plasma obtained through the 
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arterial port at the midpoint of each collection period. Urine is collected on ice 
for volume, electrolytes and assays as described herein. 

Cardiovascular parameters to be measured during the acute experiment 
include mean arterial pressure (MAP), right atrial pressure (RAP), pulmonary 
5 artery pressure (PAP), pulmonary capillary wedge pressure (PCWP) and cardiac 
output (CO). Cardiac output is determined by thermodilution (Model 9510-A 
computer, American Edwards Laboratories, Irvine, CA) measured four times and 
averaged. Systemic vascular resistance is calculated as [SVR = (mean arterial 
pressure-right atrial pressure)/cardiac output]. Pulmonary vascular resistance is 

1 0 calculated as rPVR = (pulmonary artery pressure-pulmonary capillary wedge 
pressure)/cardiac output]. Mean arterial pressure is assessed via direct 
measurement from the chronic arterial port. At the completion of the acute 
study, the pulmonary catheter is removed and pressure applied for homeostasis, 
followed by a compression Vet Wrap 9 which is removed four hours after its 

15 application. 

During each of the acute protocols, insulin and PAH is administered 
intravenously at the start of the equilibration period as a calculated bolus, 
followed by a 1 mL/minute continuous infusion. Glomerular filtration rate is 
calculated from the clearance of inulin. Renal blood flow is calculated from 

20 estimated renal plasma flow (PAH clearance) and hematocrit. Renal vascular 
resistance is calculated as [RVR = (mean arterial pressure-right atrial 
pressure)/renal blood flow]. Urinary and plasma insulin concentrations are 
measured by the anthrone method. Urinary and plasma lithium levels are 
determined by flame emission spectrophotometry (model 357, Instrumentation 

25 Laboratory, Wilmington, MA). Lithium clearances are used as an indirect 

method to calculate distal fractional tubular reabsorption [(clearance of lithium- 
clearance of sodium)/c!earance of lithium] * 100. 

In the dogs with intracoronary delivery, peptide secretion is determined 
by methods reported by Wei et al. (1993). A catheter is placed into the coronary 

30 sinus (CS) permitting sampling of total heart secretion. Additionally and 
simultaneously, aortic arch sampling is also obtained. Secretion studies are 
performed at each time point. The following determination is made: total 
cardiac secretion will be calculated by the difference in aortic and CS plasma 
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peptide concentration. Prior to tissae harvesting on day 38, after blood sampling 
from each site, the hearts will be harvested, sectioned, snap frozen with liquid 
nitrogen, and stored at -80°C for tissue analysis. 

After completion of the protocol, dogs are euthanized and hearts are 
5 immediately removed and weighed. All tissue are promptly removed, cut, and 
placed in liquid nitrogen for freezing prior to storage at -80°C Urine for 
hormone analysis is collected on ice as described above. Urine samples are also 
analyzed for ANT, BNP, CNP, ET-1 and cGMP via species-specific 
radioimmunoassays. 

10 

Humanized Chimeric PN? 

To prepare a humanized, mature form of DNP, two oligonucleotides were 
synthesized as templates for overlap PCR. The first 146mer sense 

15 oligonucleotide (SEQ ID NO: 10; 5' 

GCAGATATCCATGGATCCCCAGACAGCACCTTCCCGGGCGCTCGTGC 
TCCTGCTCTTCTTGCATCTGGCTTTCCTGGGAGGTCGTTCCCACCCGCT 
GGGCGAGGTGAAGTACGACCCCTGCTTCGGCCACAAGATCGACCGCA 
TC 3' ) includes an EcoRV site and encodes 30 amino acids of N-terminal hBNP, 

20 which includes 26 amino acids of signal peptide and the 4 amino acids following 
the signal peptide, and 14 amino acids from N- terminal DNP. The second 
127mer antisense oligo nucleotide (SEQ ID NO:l 1; 5' 

GAAGATCTTCTTAGGCGCTGGTGCTGGGGGCGTTGGGGCGGGGGTCG 
CGCAGGCTGGGGCAGCCCAGGTTGCTCACGTGGTTGATGCGGTCGAT 

25 CTTGTGGCCGAAGCAGGGGTCGTACTTCACCTC 3') includes 38 amino 
acids of DNP, and a Bglll site. These two oligonucleotides were used as 
templates for overlap PCR to generate the short form chimeric DNP by using 
BNP-SXS'-TGCAGATATCCATGGATCCCCAGACAGCAC^'; SEQ ID 
NO: 12) and DNP-3' (S'-GAAGATCTTCTTAGGCGCTGGTGCTGGGGGCG- 

30 3'; SEQ ID NO: 13) as primers, 

To prepare a pre-pro form of DNP, the DNA encoding the 106 amino 
acid fragment of the N-terminus of BNP containing the signal peptide and pro- 
peptide, was generated by PCR using BNP cDNA as template, and 


WO 00/71576 


PCT/US00/14351 


10 


51 

oligonucleotides BNP-5' and hBNPmid (5'- 

CATCTTGGGGCTTCGTGGTGCCCG; SEQ ID NO:14) as primers. The 
175mer amisense oUgonucleotide (SEQ ID NO:15) includes sequences 
corresponding to 16 amino acids from the C-terminus ofhBNP and 38 amino 
acids ofDNP, and a Bgfll site. These two fragments were used as templates in 
overlap PCR with BNP-5' and DNP-3' as primers. The sequence of the 1 75mer 
oligonucleotides is 

GAAGATCTTCTTAGGCGCTGGTGCTGGGGGCGTTGGGGCGGGGGTCG 
CGCAGGCTGGGGCAGCCCAGGTTGCTCACGTGGTTGATGCGGTCGAT 
CTTGTGGGCCGAAGCAGGGGTCGTACTTCACCTCCATCTTGGGGCTTC 
GTGGTGCCCGCAGGGTGTAGAGGACCATTTTGCG. 

To efficiently express DNP in heterologous systems, the humanized DNP 
nucleic acid sequence was cloned downstream of the entire pre-pro sequence of 
the brain natriuretic peptide (pre-pro BDNP) or the leader sequence of BNP 
(BDNP) without the prohormone sequences. Transfection of multiple cells (3T3, 
293, HepG2) with vectors expressing pre-pro BDNP resulted in nonprocessed 
(18 kD) forms within cell lysates and a mature form (3 kD) in conditioned 
media. Transfection with vectors expressing BDNP resulted in mature forms 
within both cell lysates and conditioned media. Functional studies demonstrated 
the ability of both forms of BDNP to stimulate cGMP production in HUVECs in 
an endocrine manner. In addition, both forms completely inhibited serum- 
stimulated (10% FCS) VSMC proliferation. This stimulation of cGMP and 
inhibition of proliferation in vascular cells is greater than that seen with BNP 
expressed in a similar manner. Finally, when exposed to normal porcine arterial 
25 rings BDNP caused significant vasorelaxation (>70%) as compared to control 
media. Thus, expression of pre-pro BDNP results in a processed, mature form of 
BDNP that is able to stimulate cGMP in vascular cells and has potent 
antiproliferative and vasoactive properties. 
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4. 


A method to inhibit or prevent heart failure in mammal, comprising: 
administering to the mammal an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding brain natriuretic peptide or a chimera thereof in a delivery 
vehicle. 

A method to relax cardiac muscle, comprising: administering to a 
mammal in need thereof an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding a natriuretic peptide that is lusitropic in a delivery vehicle. 

A method to increase brain natriuretic peptide levels in a mammal, 
comprising: administering to the mammal an effective amount of a 
composition comprising a nucleic acid molecule comprising a nucleic 
acid segment encoding brain natriuretic peptide in a delivery vehicle. 

A method to detect progression of heart failure in a mammal subjected to 
brain natriuretic gene therapy, comprising: monitoring brain natriuretic 
pepdde levels in a mammal subjected to the administration of a 
composition comprising a nucleic acid molecule comprising a nucleic 
acid segment encoding brain natriuretic peptide. 

A method to inhibit or prevent hypertension in mammal, comprising: 
administering to the mammal an effective amount of a composition^ 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding natriuretic peptide or a chimera thereof in a delivery vehicle. 

A method to inhibit or prevent pulmonary hypertension in mammal, 
comprising: adjninistering to the mammal an effective amount of a 
composition comprising a nucleic acid molecule comprising a nucleic 
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acid segment encoding D-type natriuretic peptide or a chimera thereof in 
a delivery vehicle. 

7. A method to inhibit or prevent heart failure in mammal, comprising: 
administering to the mammal an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding D-type natriuretic peptide or a chimera thereof in a delivery 
vehicle. 

8. A method to relax cardiac muscle in mammal, comprising: administering 
to the mammal an effective amount of a composition comprising a 
nucleic acid molecule comprising a nucleic acid segment encoding D- 
type natriuretic peptide or a chimera thereof in a delivery vehicle. 

9. A method to increase natriuretic peptide levels in a mammal, comprising: 
administering to the mammal an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding D-type natriuretic peptide or a chimera thereof in a delivery 
vehicle. 

1 0. A method to detect progression of heart failure in a mammal subjected to 
natriuretic gene therapy, comprising: monitoring natriuretic peptide 
levels in a mammal subjected to the administration of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding D-type natriuretic peptide or a chimera thereof. 

11. A method to inhibit or prevent vasospasm, comprising: administering to 
the mammal an effective amount of a composition comprising a nucleic 
acid molecule comprising a nucleic acid segment encoding brain 
natriuretic peptide or a chimera thereof in a delivery vehicle. 

12. A method to inhibit or prevent vasospasm, comprising: an effective 
amount of a composition comprising a nucleic acid molecule comprising 
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a nucleic acid segment encoding D-type natriuretic peptide or a chimera 
thereof in a delivery vehicle. 


13. A method to inhibit or prevent atherosclerosis, comprising: 
administering to the mammal an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding brain natriuretic peptide or a chimera thereof in a delivery 
vehicle. 

14. A method to inhibit or prevent atherosclerosis, comprising: 
administering to the mammal an effective amount of a composition 
comprising a nucleic acid molecule comprising a nucleic acid segment 
encoding D-type natriuretic peptide or a chimera thereof in a delivery 
vehicle. 

15. A method to inhibit or prevent vascular restenosis following 
percutaneous coronary intervention, comprising: administering to the 
mammal an effective amount of a composition comprising a nucleic acid 
molecule comprising a nucleic acid segment encoding brain natriuretic 
peptide or a chimera thereof in a delivery vehicle. 


16. 


A method to inhibit or prevent vascular restenosis following 
percutaneous coronary intervention, comprising: administering to the 
mammal an effective amount of a composition comprising a nucleic acid 
molecule comprising a nucleic acid segment encoding D-type natriuretic 
peptide or a chimera thereof in a delivery vehicle. 


1 7. The method of any one of claims 1 to 3, 5 to 9, and 1 1 to 1 6 wherein the 
delivery vehicle is a recombinant adenovirus. 


18. 


The method of claim 17 wherein the nucleic acid molecule is 
adenovirus vector. 
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19. The method of any one of claims 1 to 16 wherein the composition is 
administered via intramyocardial injection. 

20. The method of any one of claims 1 to 16 wherein the administration is 
local. 

2 1 . The method of any one of claims 1 to 1 6 wherein the administration is 
systemic. 

22. The method of any one of claims 1 to 3, 5 to 9, and 1 1 to 16 wherein the 
delivery vehicle is a liposome or aqueous media. 

23. The method of claim 22 wherein the nucleic acid molecule is a piasmid. 

24. The method of any one of claims 2, 5 to 12, 14, and 16 wherein the 
nucleic acid molecule encodes chimeric D-type natriuretic peptide. 

25. The method of any one of claims 1 to 5, 1 1, 13. and 15 wherein the 
nucieic acid moiecuie encodes human brain natriuretic peptide. 

26. The method of any one of claims 1 to 5, 1 1, 13 and 15 wherein the 
nucleic acid molecule encodes canine brain natriuretic peptide. 

27. The method of any one of claims 1 to 16 wherein the composition is 
administered to skeletal muscle. 

28. The method of any one of claims 1 to 16 wherein the composition is 
administered to cardiac muscle. 

29. The method of any one of claims 1 to 16 wherein the composition is 
administered via a catheter. 
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30. The method of any one of claims 1 to 16 wherein the nucleic acid 
mo lecule further comprises a promoter. 

31. An adenovirus vector comprising a nucleic acid molecule comprising a 
nucleic acid segment encoding D-type natriuretic peptide or a chimera 
thereof operably linked to transcriptional regulatory elements. 


An adeno-associated virus vector comprising a nucleic acid molecule 
comprising a nucleic acid segment encoding brain natriuretic peptide 
operably linked to transcriptional regulatory elements. 


33. An adeno-associated virus' vector comprising a nucleic acid molecule 
comprising a nucleic acid segment encoding D-type natriuretic peptide 
a chimera thereof operably linked to transcriptional regulatory elements. 


34. 


or 


The vector of any one of claims 31 to 33 wherein the transcriptional 
regulatory elements include a promoter. 


35. The vector of any one of claims 3 1 to 33 wherein the nucleic acid 
segment encodes the prepro form of the natriuretic peptide. 

36. The vector of claim 32 wherein the nucleic acid segment encodes canine 
brain natriuretic peptide. 

37. The vector of claim 32 wherein the nucleic acid segment encodes human 
brain natriuretic peptide. 

38. . The vector of any one of claims 3 1 to 33 wherein the nucleic acid 
segment encodes the pro fonn of the natriuretic peptide. 


39. 


The vector of any one of claims 3 1 to 33 wherein the nucleic acid 
segment comprises genomic natriuretic peptide DNA. 
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40. The vector of any one of claims 3 1 to 33 wherein the nucleic acid 
segment comprises natriuretic peptide cDNA. 

41 . An isolated and purified nucleic acid molecule comprising a nucleic acid 
segment encoding a chimeric natriuretic peptide comprising at least a 
portion of D-type natriuretic peptide. 

42. A recombinant adenovirus comprising a DNA molecule comprising a 
DNA segment encoding a brain natriuretic peptide or a chimera thereof. 

43 . A recombinant adenovirus comprising a DNA molecule comprising a 
DNA segment encoding a D-type natriuretic peptide or a chimera thereof. 

44. A composition comprising the vector of claim 3 1 to 33 and a delivery 
vehicle. 

45. A composition comprising the nucleic acid molecule of claim 41 and a 
delivery vehicle. 

46. A composition comprising the virus of claim 42 or 43 and a delivery 
vehicle. 
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FIGURE 12 
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MDPQTAPSRALLLLLFLHIiATLGGRSHPLGSPGSASDLETSGLQ 
EQRNHLQGKLSSLQ VEQTSLEPLQES PRPTGVWKSREVATEG IRGHRKMVLYTLRAPR 
SPKMVQGSGCFGRKMDRISSSSGLGCKVLRJIH 


1 ctatoaoatc accccatacc cccagcgccc acgtcggCcc tcggaaagcc ggggtcc.cc 
61 ctgcctcttc cagcaacggt ggggtgggga ggcaggaaga aagcgccaac ctaggacccc 
121 caagatcrgc agcaaaggaa gaagcgggag -acgggcactc gtctgtgcct ccagcgcgt. 
181 cctgcccccc gccgacccgg cccacttcta tacaaggtcg ctctgcccgg ^ccceac.tc 
241 ccacotgcag gccgcggagg ggctcattcc cgggccctga tctcagaggc ^at^tg 
301 gctgatlaa? cagagaccag acctgcacgg caggcaggcc cgacactcag ctccaggata 
361 aaaogccacg gtgtcccgag gagccaggag gagcacccog caggctgagg gcaggtggga 
421 agcaaacccg gacgcatcgc agcagcagca gcagcagcag aagcagcagc ^"gcctcc 
481 gcagtccctc cagagacacg gacccccaga cagcaccttc ccgggcgctc «gctc«gc 
"l Icrtctcgca tctggctttc ctgggaggtc gttcccacce gctgggcagc =«sgttcag 
^01 ccccggactt ggaaacgtcc gggttacagg tgagagcgga gggcagctca gggggattgg 
61 ^gclgcaa gaaagggtc ctcacccgct gtcccaagag gccctcatcc »cetttgg. 
721 acc!gtgaca aaggaatcag aaaatggaga gactgggcgc "tgaccotg taccca-ggc 
781 aaccggttca cttgggcgco atgaagggct ggtgagccag gggtgggtcc ct 9»S3^tg 
841 oacgccccca ttcattgcag gagcagcgca accatctgca gggcaaactg "ggagctgc 
901 acgtgcagca gacatccctg gagcecetee aggagacccc ccgccccaca 9St S tctgga 
96] ailcccggga ggtagccacc gagggcatcc gcgggcaccg caaaacggtc ««*«cec 
1021 ticggaSacc acgaagcccc aagatggtgc aagggrctgg ctgctttggg ^gaagacgg 
" B l alcggltcag ctccclcagt ggcctgggct gcaaaggtaa gcaccccctg «»««99* 
""l cgccttcccl catrccagtg tgtgacaccg ttagagtcac twggggcct gttgtccctg 
^201 gcaaccacac tctttgagaa aaggtcacct ggacatcgct teetcttget "cagccttc 
1261 agggccaaga ggtgcctttg tggaatcagt aaatgtgggc ttatttcatt accatgccca 
all cHSecttU IccScacctc ctacttctta tcaaaggggc agaatctcct ttgggggcct 
1381 gcttatcact tggcagcccc ccagtggtgc agaaagagaa ccaaacactt ccccccggtt 
^.rccaaac tatctatagt ctcaaaggca gagagcagga tcacoagagc aatgataacc 
1501 wcaatttac agatgaggaa actgaggctc agagagttgc attaagcctc ^tc.ga 
1561 tgactaacag ggtggtgggt ggcacacgat gaggtaagct cagcccctgc "ccatctcc 
1621 caccctaacc atcatcaccc tctctctttc cctgacagtg ctgaggcggc "taagagga 
^681 actcctggct gcagacacct gcttctgatt ccacaagggg ctttttcctc aaccctgtgg 
clgccttlaa Igtgacccat Ittttttaat gcatttatgc atttatttga "gttttata 
1801 ta!gacgg« tltLccttt gagcacaaaa tttccacggt gaaataaagt euettwiU 
1661 agctttlfct tttgaaaccg atttgtcttg gcgcattaaa aataatccct catttcaaag 
1921 aa 
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SEQUENCE LISTING 

<110> Mayo Foundation for Medical Education and Research 
5 Simari, Robert 

<120> Adenovirus vectors encoding natriuretic peptide 
<120> 150.194WO1 

10 

<150> US 60/135,490 
<151> 1999-05-24 

<160> 18 

15 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 1922 
20<212> DKA 

<213> Homo sapiens 

<400> 1 

ctgtgagatc .ccccgtgct cccagcgctc acgtcggtcc tcggaaacco «aagte«cc 
25ctgccttttc cagcaacggt ggggtgggga ggcaggaaga aagcgccaac ccaggacccc 
ggagatttgc agcaaaggaa gaagcgggag acgggcactt gtctgtgtet ccagcacgtt 
cctgccccce gccgacccgg cccatttcta tacaaggtcg ctctgcccog tctccacctc 
ccacgtgcag gccgcggagg ggctcattcc cgggccctga tctcagaggc ccggaatgtg 
gctgataaat cagagactag acctgcatgg caggcaggcc cgacactcag ccccaoaata 
30aaaggccacg gtgtcccgag gagccaggag gagcaccccg caggcrgagg gcaogtogca 
agcaaacccg gacgcatcgc agcagcagca gcagcagcag aagcagcagc agcagcctcc 
gcagtccctc cagagacatg gatccccaga cagcaccttc ccgggcgctc ccoctcctgc 
tcttcttgca.tctggctttcctgggaggtc gttcccaccc gctgggcacc cccggttcag 
. cetcggactt -ggaaacgtcc gggttacagg tgagagcgga: gggcagctca gggggattog 
35acagcagcaa tgaaagggtc ■ ctcacctgct gtcccaagag gccctcatct ttcctttgga 
attagtgata aagcaatcag aaaatggaga gactgggtgc cctgaccctg taeccaacoc 
agtcggttca cttgggtgcc atgaagggct ggtgagccag gcgtgggtcc ctaagoctta 
gacgccccca ttcattgcag gagcagcgca accatttgca gggcaaacta tcgaaactgc - 
aggtggagca gacatccctg gagcccctcc aggagagccc ccgtcccaca ogtctctwa 
40agtc=cg g ca ggtagccaoc gagggcatcc gtgggcaccg caaaafcgatc ctctacaccc 
rgcgggcacc acgaaccccc aagatggtgc aagggtctgg c=gc=ctooo aoaaaoacgg 


60 
120 
ISO 
240 
300 
360 
420 
480 
540 
500 
660 
720 
780 
840 
900 
960 
1020 
1080 
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acccrcratcac; 

cccctccagt 

y y y yy — 

cgc c 1 1 cccc 

cattccagtcr 

tctgacact g 


^£*i~r^oaeiaa 
— w jaurtd 


accrgccaaQcr 



Scaataccttc 

tccccacctc 

V W CH_ W W W w L Ct 

or. t tat cat t 

fccracsaecc- 

<T"aot" erct* nrr* 
w w oy w v w c u w 

tcctctaaac 

tgtc tatagt 

ctcaaaggca 

cccaatttac 

agatgaggaa 

actgaggctc 

tgactaacag 

ggtggtgcgt 

ggcacacgat 

iOcaccctaacc 

atcatcaccc 

tctctctttc 

agtcctggct 

gcagacacct 

gcttctgatt 

ccgcctttga 

agtgactcat 

tttttttaat 

taagatggtt 

tcttaccttt 

gagcacaaaa 

agctttatct 

tttgaaactg 

atttgtcttg 


15aa 
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era rTTTa 
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aaal p rtT SOCif 

CC.C1L.W L^wl, 
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L w aadwUUMC 


ttgggggtct 

1 J O 0 

auaaauo^ca 

ccaaacattt 

cctcctcgtt 

1 / / ft 


tcaccagagc 

aatgataatc 

louu 

agagagttcc 

attaagcetc 

aaacgtctga 

1560 

gaggtaagct 

cagcccctgc 

ctccatctcc 

1620 

cctgacagtg 

ctgaggegge 

attaagagga 

1680 

ccacaagggg 

ctttttcctc 

aaccctgtgg 

1740 

gtatttatgt 

atttatttga 

ttgttttata 

1800 

tttccacggt 

gaaataaagt' caacattata 

1360 

gcgcattaaa 

aataatccct 

catttcaaag 

1520 




1922 


<210> 2 
<211> 134 
<212> PRT 
20<213> Homo sapiens 

<400> 2 

Met Asp Pro Gin Thr Ala Pro Ser Arg Ala Leu Leu Leu Leu Leu Phe 
15 io 15 

25Leu His Leu Ala Phe Leu Giy Gly Arg Ser Kis Pro Leu Gly Ser Pro 
20 25 30 

Gly Ser Ala Ser Asp Leu Glu Thr Ser Gly Leu Gin Glu Gin Arg Asn 

35 40 45 

His Leu Gin Gly Lys Leu Ser Glu Leu Gin Val Glu Gin Thr Ser Leu 
30 50 55 60 

Glu Pro Leu Gin Glu Ser Pro Arg pro Thr Gly Val Trp Lys Ser Arg 
65 70 75 80 

Glu Val Ala Thr Glu Gly lie Arg Gly His Arg Lys Met Val Leu Tyr 
85 90 95 

3 5 Thr Leu Arg Ala Pro Arg Ser Pro Lys Met Val Gin Gly Ser Gly Cys 
100 105 110 

Phe Gly Arg Lys Met Asp Arg lie Ser Ser Ser Ser Gly Leu Gly Cys 

115 120 125 

Lys Val Leu Arg Arg His 
40 130 
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<210> 3 
<211> 32 
<212> PRT 
<213> Canis sp . 

5 

<400> 3 

Ser Pro Lys Met Met His Lys Ser Gly Cvs Phe Glv Arg Arg Leu Asr, 

5 10 15 

Arc He Gly Ser Leu Ser Gly Leu Gly Cys Asn Val Leu Arg Lvs Tyr 

<210> 4 
<211> 1803 
<212> DNA 
15<213> Csnis sp. 

<40O> 4 

cgatcaggga tgttgoggcg gaggaaacgg agggaaggag ggagcggagg aggcccgagg 60 

actgttggtg tccccctect gccctrttgg ggccaggccc acttctatac aaggcctgct 120 

20ctccagcctc caccccggcg ggtatggtoc aggcgcggag gggcgcattc ccccgccctg 180 

agctcagcgg ccggaatgcc gocgataaac cagagataac cccaggcgcg ggataaggga 240 

taaaaagccc ccgttgccgc gggatccagg agagcacocg cgccccaagc ggtgacactc 3 00 

gaccccggtc ccagcgcagc agctcagcag ccggacgtct ctttccccac ttctctccag 3 60 

cgacatggag ccctgcgcag cgctgccccg ggccctcctg ctcctcctgr tcttgcacct 42 0 

25gt=gccactc cgaggccgcc cccacccgct gggcggccgc agccccgcct cggaagcctc 480 

ggaagcctca gaagcctcgg ggttgtgggc cgtgcaggtg agcgctcagc ctgcctgaag 54 0 

gccgcggcgg gtggcagcag gtcacggggg cttagccact gtcccaagtc ctcagtctcc 50 0 

cttoggaatt agtgataagg gaatcagaaa gtgacgagat tggg C gc=ag gactccatac 660 

ccaaggcggc ggcttcactt gggtgcaagg gtggttccgc cccggcgtgg gttcctgagg 72 0 

30ctcaggccgt ccattgcagg agctgctggg ccgtctgaag gacgcagttt cagaactgca 780 

ggcagagcag ttggccctgg aacccctgca ccggagccac agccccgcag aagccccgoa 84 0 

ggccggagga acgccccgtg gggccc^tgc accccatgac agtgtcctc.c aggccctcag 900 

aagactacgc agccccaaga cgatgcacaa gtcagggtgc tttggccgga ggctggaccg 960 

gatcggctcc ctcagtggcc tgggctgcaa tggtaagccg cctccctgcc gccttggctc 1020 

35c=cctcccca gccccctggg ttcgacccrt ggaacccctt ctgggtttgt tgtctcgcgg 1080 

gatcacactc tgaggaaagg acatctggac atcgctcctt cttgctgaca gtcctaaaog 1140 

ccaaggagca cgtttctcga aatactacgt gtggacatcg ttgtccaggg tccctaccca 1200 

cctcctagcc ccctcctgcc tcrcgcaccc aagggcagaa tcatcttagg atggaatoaa i 260 

tcgttgtctg gaagcatctc ccrggagcag aaagagtcct aaacatogcc ctcgtagcce 1320 

4Ctctctgtccg tctgtagcca cgaaggcaga gctcagggtc accagggcag Cgacaattcc 1360 
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4 

cagttaacag aggaggagac cgaggtctag agagatggat tattccaaag cctcaaacat 1440 

ccagatcggc tgagggtggg gttggtggca gggatggctc ctgggcttgg gaagctcgga 15 00 

tcctgcctca gtctcccacc tgacgccatc atccccctct ctctcctccc a'cagtgctga 1560 

gaaagtatca aggaggaagt cccgactgcc cacatctgca ttggattctt cagcagcccc 1620 

Stgagccccct ggaagcagat cttatttatt cgtatttatt tacttattta tttcgattgt 1680 

tttatataag atgatcctga cgcccgagca cggattwtcc acggtgaaat aaagtcaacc 1740 

ttagagcttc ttttgaaacc gatttgtccc tgtgcattaa aagtaacaca tcatttaaaa 1800 

aaa 1303 

10<210> 5 

<2U> 4 

<212> PRT 

<213> Artificial Sequence 

15<220> 

<223> A consensus sequence 

<221> SITE 
<222> (2)... (3) 
2 0<22 3> Xaa ~ Any Amino Acid 

<400> 5 

Ai*g Xaa Xaa Az*g 
1 

25 

<210> 6 

<211> 330 

c212> DNA 

<213> Komo sapiens 

30 

<400> 6 

tcccacccgc tgggcagccc cggtrcagcc tcggacrtgg aaacgtccgg gttacaggag 60 
cagcgcaacc atttgcaggg caaactgtcg gagctgcagg tggagcagac atccctggag 12 0 
cccctccagg agagcccccg tcccacaggt gtctggaagt cccgggaggc agccaccgag 180 
35ggcatccgtg ggcaccgcaa aatggtcctc tacaccctgc gggcaccacg aagccccaag 240 
acggtgcaag ggtctggctg ctttgggagg aagatggacc ggatcagctc ctccagtggc 3 00 

ctgggctgca aagtgctgag gcggcatcaa 33 0 

<210> 7 
40<211> 109 
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<212> ?RT 

<213> Homo sapiens 

<400> 7 

5Ser His Pro Leu Giy Ser Pro Gly Ser Ala Ser Asp Leu GIu Thr S-r 

1 5 10 , 5 

Gly Leu Gin Glu Gin Arc Asn His Leu Gin Gly Lys Leu Ser Glu Leu" 

Gin val Glu Gin Thr Ser Leu Glu Pro Leu Gin Glu Ser Pro Arg *ro 
10 35 4 ° 45 

Thr Gly Val Trp Lys Ser Arg Glu Val Ala Thr Glu Giy lie Arg G^y 
50 55 


60 

His Arg Lys Met Val Leu Tyr Thr Leu Arg Ala Pro Arg Ser Pro Lys 
65 70 


75 


15Met Val Gin Gly Ser Gly Cys Phe Gly Arg Lys Met As? teg n 


80 
e Ser 


85 


90 


95 


Ser Ser Ser Gly Leu Gly Cys Lys Val Leu Arg Arg His 
100 105 

20<210> 8 
<211> 99 
<212> DNA 
<212> Homo sapiens 

25<400> 8 

agccccaaga tggtgcaagg gtctggctgc tttgggagga agatggaccg gatcagctc 
tccagtggcc tgggctgcaa agtgctgagg cggcattaa 

<210> 9 
30<211> 32 
<212> PRT 

<212> Homo sapiens 
<400> 9 

35Ser Pro Lys Met Val Gin Gly Ser Gly Cys Phe Glv Arg Lys Met Aso 
1 5 10 ' 15 

Arg He ser Ser Ser Ser Gly Leu Gly Cys Lys Val Leu Arg Arg His 
20 2S 30 


60 
99 


40<210> 10 
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6 

<211> 145 
<2I2> DNA 

<213> Artificial Sequence 

5<220> 
<222> A primer 


<400> 10 

gcagatatcc atggatcccc agacagcacc ttcccgggcg ctcctgctcc tgctcttctt 60 

lOgcatctggct ttcctgggag gtcgttccca cccgctgggc gaggtgaagt acgacccctg 120 

cttcggccac aagatcgacc gcatc 145 


<210> 11 
<211> 127 
15<212> DNA 

<213> Artificial Sequence 

<220> 

< 2 2 3 > A primer 

20 

<400> 11 

gaacatcttc ttaggcgctg gtgctggggg cgttggggcg gcggtcgcgc aggctggggc 60 
agcccaggtt gctcacgtgg ttgatgcggt cgatcttgtg gccgaagcag gcgtcgtact 120 
tcacctc 127 

25 

<210> 12 ■ 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

30 

<220> 

<223> A primer 
<400> 12 

25tgcagatatc catggatccc cagacagcac 30 

<210> 13 
<211> 32 
c212> DNA 
40<213> Artificial Sequence 
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<220> 

<223> A primer 


<400> 13 

Sgaagatcttc ttaggcgctg gtgctggcgg cc 

<210> 14 
<21I> 24 
<212> DNA 
10<213> Homo sapiens 


32 


<400> 14 

catcttgggg cttcgtggtg cccg 

15<210> 15 
<211> 176 
<212> DNA 

<213> Artificial Sequence 


20<220> 

<223> A primer 

<400> 15 

gaagatcttc ttaggcgctg gtgctggggg 
25agcccaggtt gctcacgtgg ttgatgcggt 
ttcacctcca tcttggggct tcgtggtgcc 

c210> 16 
c2ll> 23 
30<212> PRT 

<213> Homo sapiens 


cgttggggcg ggcgtcgcgc aggctggggc 60 
cgatcttgtg ggccgaagca ggggtcgtac 120 
cgcagggtgt agaggaccat tttgcg 17$ 


<400> 16 

Ser Leu Arg Arg ser Ser Cys Phe 
35 1 5 

Ala Gin Ser Gly Leu Gly Cys Asn 
20 


Gly Gly Arg Met Asp Arg lie Gly 

10 15 
Ser Phe Arg Tyr 
25 


<210> 17 
40<211> 22 
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<2i2> PRT 

<213> Homo sapiens 


-<400> 17 

5Gly Leu Ser Lys Gly Cys Phe Gly Leu Lys Leu Asp Arg He Gly Ser 
15 10 15 

Met Ser Gly Leu Gly Cys 
20 

10<210> 18 
<211> 23 
<212> PHT 

<213> Dendroaspis angusticeps 


15<400> 18 

Glu Val Lys Tyr Asp Pro Cys Phe 

1 5 
3is Val Ser Asn Leu Gly Cys Pro 
20 

2 0Ala Pro Ser Thr Ser Ala 
35 


Gly His Lys He Asp Arg He Asn 

10 15 
Ser Leu Arg Asp Pro Arg Pro Asn 
25 30 
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